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ABSTRACT
Polar flagellar core protein was purified from Vibrio parahaemolyticus by 
differential centrifugation and cesium chloride isopycnic centrifugation. Twelve 
hybridomas secreting monoclonal antibodies against flagellar core protein (MAb-flc) 
were obtained from fusions. By chance, one purified flagellar core preparation retained 
flagellar sheath and as a consequence, two hybridomas were detected which secreted 
anti-sheath antibodies (MAb-fls). MAb-flc and MAb-fls reacted specifically with their 
corresponding antigens as demonstrated by immunogold labelling. Coagglutination 
reagents prepared with MAb-flc and MAb-fls were tested against 34 strains of V. 
parahaemolyticus and 34 heterologous Vibrio species. The coagglutination results 
revealed that the flagellar core was species-specific while the flagellar sheath was not.
Preliminary adhesion studies of V. parahaemolyticus using rabbit intestinal 
model were done. The experimental conditions were established to be the following; 
1010 V. parahaemolyticus cells propagated in HIB were exposed to the formalin- 
preserved small intestinal tissue for 10 minutes and the number of adherent cells were 
determined by electron microscopy. The quantity of Fab prepared from MAb-flc and 
MAb-fls) required for the adhesion inhibition test were determined by coagglutination 
inhibition assay. MAb-fls inhibited the adherence of V. parahaemolyticus cells to 
intestinal tissue, whereas MAb-flc pretreatment did influence adherence. It is likely 
that the sheath participates in the adhesion event but its function is not known.
A genomic library of V. parahaemolyticus was constructed in order to isolate 
the gene encoding the polar flagellar core antigen. DNA fragments were cloned into 
Lambda ZAPII vector at the EcoRI cloning site and the recombinant DNA was 
transformed into Escherichia coli XLl-Blue strain. Recombinant plaques were screened 
with rabbit polyclonal antiserum produced against polar flagella and with monoclonal 
antibody produced against polar flagellar core protein. The pBluescript phagemid 
which contained the DNA fragment encoding the flagellar gene was rescued and 
analyzed. Additional investigation was carried out by mini-Mu transposon mutagenesis 
to map the coding region. The flagellar core coding region was mapped within 1.1 kb 
which encompasses the Ncol site present in the 6.5 kb insert.
x
INTRODUCTION
Vibrio parahaemolyticus has been isolated from many environments throughout 
the world (Nickelson and Vanderzant, 1971). The first outbreak was associated with 
human food-poisoning in Japan, 1950, in which 272 people became ill and 20 died. 
Many years later, the causative agent was isolated and named Pasteurella 
parahaemolytica (Fujino, 1974) and subsequently classified by Sakazaki et al. (1968) 
as V. parahaemolyticus. Since that time, V. parahaemolyticus has been isolated and 
described in reports from many countries which include Great Britain (in retail fish and 
shellfish) (Barrow and Miller, 1972), India (Agarwal et al., 1980), China, Korea, 
Indonesia, Iran, Thailand, Vietnam, Australia, Canada, Panama, Europe, Russia 
(Joseph et al., 1982) and the United States (Barder, 1974; Caraway et al., 1978) where 
there were occasional reports of this organism as the agent of outbreaks of foodborne 
diseases (Aoki, 1967; Baross and Liston, 1968; Krantz et al., 1968; Twedt et al., 1969; 
Ward, 1968) including Louisiana gulf coast (Roberts et al., 1982).
In addition to being a human pathogen (Sakazaki et al., 1968, Molenda et al., 
1972, Dadisman et al., 1972, Pefers et al., 1973, Hooper et al., 1974), V. 
parahaemolyticus has been reported to be pathogenic for marine animals (Krantz et al., 
1969, Vanderzant et al., 1970). V. parahaemolyticus causes gastroenteritis in humans, 
usually contracted by eating contaminated raw seafood (Fujino et al., 1974; Sakazaki 
e ta l., 1963) or through mishandling of cooked seafood (Barder, 1974). It is recognized
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as the main food-poisoning agent in Japan (Sakazaki et al., 1963). However, the 
mechanisms whereby this organism causes gastrointestinal disease have not been 
elucidated despite the extensive research on this subject (Miwatani and Takeda, 1976; 
Blake e ta l .,  1980).
V. parahaemolyticus may hemolyze red blood cells. The special formulation, 
Wagatsuma agar (yeast extract, Bacto-peptone, NaCl, K2H P04, agar, mannitol, and 
fresh human red blood cells), is currently used to identify hemolytic isolates (Miyamoto 
et al., 1969). Hemolytic strains showed large zones of /J-hemolysis, while no or 
possibly a-hemolysis has been observed for negative strains. The hemolytic reaction 
is called the Kanagawa phenomenon (KP). More than 95% of strains isolated from the 
patients with gastroenteritis are KP-positive. It has been reported that the hemolysin 
responsible for this reaction is a heat-stable direct hemolysin (MW 42000) which is both 
cytotoxic and cardiotoxic, but its clinical significant is not known. KP-positive strains 
differ from KP-negative strains in a number of ways: they produce reactions in a rabbit 
ileal loops more frequently, cause bacteremia upon oral challenge in infant rabbits, and 
they adhere to HeLa cells "in vitro" and are rapidly cytotoxic (Miyamoto et al., 1969). 
V. parahaemolyticus has been described as a primary intestinal pathogen which does not 
invade the intestinal mucosa, wheie they may be simple colonizers or opportunistic 
pathogens (Bauman et a l., 1973; Blake et al., 1979; 1980b; Pezzle et al., 1979; Spark 
e ta l .,  1979).
The epidemiology and ecology of V. parahaemolyticus has been studied 
extensively but, unfortunately, they have not always been adequately distinguished from 
other marine vibrios. (Anderson and Ordal, 1972; Bauman and Bauman, 1981; Bauman 
et al., 1973;Kaneko and Colwell, 1978). For example, two clinically established 
diagnostic traits for V. parahaemolyticus', the ability to grow at 40-43°C and the 
inability to utilize sucrose, are shared by V. vulnificus, V. proteolyticus and some 
luminous and nonluminous strains of V. harveyi. In addition, utilization of L-arabinose 
(a diagnostic trait for some V. parahaemolyticus strains) was also observed in 
nonluminous isolates of V. harveyi as well. V. parahaemolyticus is a common 
inhabitant of coastal waters and estuaries in both tropical and temperate zones (Ayres 
and Barrow, 1978; Fujino et al., 1974; Kanako and Colwell, 1978; Miwatani and 
Takeda, 1976; Sakazaki, 1979). In temperate regions there is a seasonal cycle during 
which the organism is detectable in the sediment in winter and appears in the water 
column in the warmer months when the water temperature is above 14°C (Kaneko and 
Colwell, 1978). It also associates with zooplankton and may serve in the breakdown 
of zooplanktonic chitin (Kaneko and Colwell, 1978).
V. parahaemolyticus is a Gram-negative, straight rod (Bauman et al., 1984; 
Bauman et al., 1971). It possesses a single polar flagellum and numerous lateral 
flagella. It requires salt for growth and can survive in media supplemented with 8% 
of salt, but not 10% (Bauman et al., 1984; Colwell, 1970; Sakazaki et al., 1963). i An 
indication that V. parahaemolyticus is present is the isolation of a hemolytic, salt-
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requiring, Gram-negative, motile rod which ferments glucose with the production of 
acid but not gas from the feces of patients suffering from gastroenteritis following 
consumption of raw seafood.
V. parahaemolyticus will grow at 40-43°C but optimal growth occurs at 30- 
35°C but this vibrio will not grow at 4°C. It produces the following; oxidase, nitrate 
reductase, amylase, catalase, gelatinase and chitinase, which can be used to identify and 
distinguish V. parahaemolyticus from other species. V. parahaemolyticus is able to 
utilize D-mannose, D-galactose, trehalose, D-gluconate, propionate, heptanoate, DL- 
malate, DL-lactate, citrate, a-ketoglutarate, pyruvate, D-mannitol, ethanol, D-a- 
alanine, L-serine, L-leucine, L-glutamate, L-histidine, L-proline, L-tyrosine, and 
putrescine (Bauman et al., 198; Furniss et al., 1978).
V. parahaemolyticus isolates can be enriched in alkaline peptone water (APW) 
formulated as 1% peptone and 1% NaCl, pH 8.6 which is also widely used to enrich 
for V. cholerae. A secondary enrichment may be done by inoculating a second APW 
with one to two ml from the primary enrichment (Furniss et al., 1978). However, a 
more suitable enrichment for V. parahaemolyticus is glucose-salt teepol broth (Cowan, 
1974) or salt-colistin broth (Miwatani and Takeda, 1976). Both of the latter media are 
widely used to enrich for this organism, but not suitable for other vibrios. Currently, 
the most suitable selective isolation medium formulated for the isolation of V. cholerae 
and V. parahaemolyticus is Thiosulfate-citrate-bile salt-sucrose agar (TCBS) (Kobayashi
et al., 1963) applicable to the isolation of both halophilic and non-halophilic vibrios 
(Furniss et al., 1978).
Flagellar-associated (H) antigenic determinants are expressed by V. 
parahaemolyticus polar flagellar core protein antigens (PH) and lateral (LH) flagella 
(Shinoda et al., 1970; Shinoda et al., 1976; Sakazaki et al., 1970). The PH antigen 
appear to be species-specific while V. parahaemolyticus serological types and varieties 
were established based on O and K antigen expression (Sakazaki et al., 1968; 
Committee on the serological typing of Vibrio parahaemolyticus, 1970). Chemical 
analysis of the sugar composition of the O antigenic lipopolysaccharide and K antigenic 
capsular polysaccharide were recently described by Hisatsune et al. (1980) and Izadjoo 
(1992) respectively.
The objectives of this research were to 1) isolate V. parahaemolyticus polar 
flagellar core protein and produce monoclonal antibodies to core antigens, 2) use 
monoclonal antibodies as tools to examine the role of flagella in adhesion of this 
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V. parahaemolyticus is a Gram-negative, rod-shaped, straight or slightly curved 
bacterium (Bauman et al., 1984). Isolates described in the United States and Japan 
share the following characteristics: they are Gram-negative, facultatively anaerobic rods 
exhibiting pleomorphism and motility by polar monotrichous and peritrichous or lateral 
flagella (Bauman et al., 1973; Bauman and Bauman, 1977; Rieman and Bryan, 1979; 
Twedt et al., 1969). The single polar flagellum is produced when the bacterium is 
propagated in liquid or on solid medium (Bauman et al., 1971). The lateral flagella 
were produced only under the following culture conditions (Allen and Bauman, 1971; 
Bauman et al., 1971; Bauman et al., 1973); when grown on agar plates (Bauman et al., 
1971; McCarter et al., 1988), embedded in solidified medium, suspended in viscous 
medium or agglutinated with antibody in liquid media (McCarter et al., 1988). The 
lateral flagella can be easily removed mechanically (Miwatani et al., 1970), whereas 
the polar flagellum can be removed only following rigorous agitation of the cells 
(Miwatani et al., 1970). The polar flagellum is encased in a sheath-like structure, 
whereas lateral flagella are not (Allen and Bauman, 1971; Miwatani et al., 1970).
The flagella of V. parahameolyticus grown on a solid medium were isolated and 
solubilized successfully by the following treatments; 6 M urea, 0.1 M acetic acid, 0.2 
% sodium dodecyl sulfate (SDS), 0.2 % sodium dodecyl benzyl sulfate (SDBS), Triton 
X-100, or heat treatment. Isolated flagellin monomers were analysed on
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hydroxylapatite column and two distinct peaks were detected. One was eluted with 
0.03 M phosphate buffer and the other with 0.1 M phosphate buffer. These subunits 
were tentatively designated as U-I and U-II, respectively. On a Sephadex G-100 
column, each flagellin subunit showed a similar molecular weight of 40 kilodalton (kD). 
Examination of the physical and chemical properties of the subunits revealed that the 
U-I and U-II differed in their amino acid composition (Sninoda et al., 1970).
Subsequently, many investigators reported that V. parahaemolyticus possesses 
peritrichous flagella in addition to the polar monotrichous flagella (Allen and Bauman, 
1971; Bauman et al., 1971; Bauman et al., 1973). Shinoda et al. (1974) isolated these 
two flagella and compared their flagellins by the hydroxylapatite and gel diffusion test. 
They reported the similar peaks namely U-I and U-II, however they also showed that 
U-I and U-II corresponded to the flagellins of peritrichous and monotrichous flagella.
Antisera were produced in rabbits immunized with flagellin proteins of V. 
parahaemolyticus polar flagellum (PH) as well as lateral flagella (LH) (Shinoda et al., 
1976). The species-specificity of anti-PH was tested against crude flagellin prepared 
from several Vibrio species. They reported that the antigenic properties of purified 
flagellin prepared from the polar flagellum was serologically-similar to those of each 
species tested in a gel diffusion assay. The Vibrio species tested included: V. 
alginolyticus, V. anguillarum, V. campbellii, V. cholerae, V. ichthyodermis, V. 
natreigens, V. neptuna, V. nereida, V. pelagia and V. piscium. Theanti-LH serum was 
examined in the same manner, however, only those Vibrio species that produced lateral
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flagella could be tested, which are V. alginolyticus, V. campballii, and V. neptuna. 
Interestingly, only V. alginolyticus flagellin was identical with that of V. 
parahaemolyticus. This identical subunit was identified to be U-II protein (Miwatani 
and Shinoda, 1971).
Concurrently, other investigators reported that anti-H serum raised in rabbits 
immunized with intact polar flagella of V. parahaemolyticus failed to agglutinate V. 
cholerae, V. anguillarum tested by H-agglutination (Sakazaki e ta l., 1970; Smith, 1974; 
Terada, 1968). As a consequence, Shinoda et a l., in 1980, reexamined these seemingly 
opposite findings and demonstrated that, in fact, there were two types of antigenic 
determinants of the polar flagellum. One was on the surface called surface antigenic 
determinant (SA). The other was buried inside the flagellum and would be exposed 
when the flagellum was dissociated to flagellin monomers. The latter was named 
internal antigenic determinant (IA). Therefore, SA on the intact flagellum of V. 
parahaemolyticus was different from the other strains but shared common antigens of 
IA on the flagellin monomers with V. cholerae, and V. anguillarum as previously 
reported. In conclusion, SA was responsible for H-agglutination reaction whereas IA 
was responsible for the reaction in gel diffusion test. In addition, they also 
demonstrated that the V. parahaemolyticus monomers did not possess SA because they 
did not inhibit H-agglutination.
So far, no monoclonal antibodies prepared for V. parahaemolyticus flagella has 
been described. In this chapter, our objectives was to produce and characterize
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monoclonal antibodies (MAb) against polar flagella of V. parahaemolyticus. 
Subsequently, these MAbs will be used as tools in adhesion studies of V. 
parahaemolyticus to the rabbit intestinal mucosa and in the isolation of the 
corresponding gene(s) of the bacterial flagella.
M aterials and Methods
Bacterial strains and media. The bacterial strain used in this study was the 
motile Vibrio parahaemolyticus ATCC 10136. Maintenance of stock culture was 
carried out monthly in a maintenance medium (8 gm tryptone, 20 gm NaCl, 4 gm 
nutrient broth, 4 gm MgCl2, 4 gm KC1, and 4 gm agar) throughout this study. For 
purification, the bacterium was grown in alkaline peptone broth (10 gm Bacto-peptone, 
20 gm NaCl, 2 gm Yeast extract, 2 gm KC1, and 2 gm MgCl2.6H20 , pH 7.2-7.6) at 
37°C for 16-18 hrs with vigorous shaking (200 rpm).
Purification of polar flagellar core protein. The procedure to isolate and 
purify polar flagella was modified from the method described by Yang, et al (1977) for 
purification of flagellar core proteins of V. cholerae. Two liters of an overnight culture 
of V. parahaemolyticus (4xlOx cells/mL) were sedimented at 10,000 x g for 10 min at 
4°C and the cell pellets were resuspended in 300 mL 0.15 NaCl. The cell suspension 
was chilled on ice for 15 to 30 min. The polar flagella were sheared from the cell 
bodies in a Waring blender at medium speed for 45 sec. The cell debris was removed
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by centrifugation in a fixed-angle rotor at 10,000 x g for 10 min and the flagella were 
pelleted at 30,000 x g for 2 hr and resuspended in small volume of TET buffer (10 mM 
Tris, 2 mM EDTA, pH 8.0 and 1% Triton X-100). Differential centrifugation steps 
were repeated 4-5 times until there was no sheath observed on the polar flagella when 
examined under the transmission electron microscope (TEM). Following the final 
centrifugation, the pellet was resuspended in 0.5% TET buffer (TET buffer with 0.5% 
Triton X-100). Finally, the partially purified flagella preparation was applied to a 
cesium chloride (CsCl) isopycnic centrifugation. Fifteen gm of CsCl (nucleic acid 
grade reagent) was added to partially purified flagella to give a final concentration of 
0.375 gm/mL. Centrifugation was carried out in a Beckman vertical rotor, VTi 50 at 
45,000 rpm, 15°C, for 18-20 hr. The flagellar band was removed from the gradient 
with a needle and dialysed against TE (10 mM Tris, 5 mM EDTA, pH 8.0) buffer at 
4°C with several changes. After dialysis, the band was examined under TEM and the 
sample was stored at 4°C. Bicinchoninic Acid protein determination (BCA) (Pierce, 
Rockford, IL) was done to determine protein concentration purified flagellar core 
protein.
Immunization protocol. Five BALB/c mice were immunized intraperitoneally 
with 100 jug of purified flagella at 2-week intervals. One month following the first 
immunization, the mice were boosted with 100 n g of flagellar protein and their spleens 
were used in the fusion experiment 3-4 days later.
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Hybridom a production. The protocol for fusion of spleen cells with myeloma 
cells was based on the method reported by Oi and Herzenberg (1980) and modififed by 
Adams et al. (1988) and Simonson and Siebeling (1988). Briefly, mouse spleen cells 
were fused with myeloma line Sp2/0 in the presence of polyethylene glycol 1500 
(Boehringer Mennheim, West Germany). Following fusion, the resulting hybridomas 
were screened for production of antibodies reactive with purified flagellar core by the 
enzyme-linked immunosorbent assay (ELISA). Each hybridoma secreting antibody was 
cloned by three limiting dilutions on a mouse thymocyte feeder layer and they were 
retested for anti-PH reactivity. Cloned hybridomas were expanded in tissue culture and 
107 hybridoma cells were injected into pristane-primed mice for ascites production 
(Simonson and Siebeling, 1988).
Characterization of monoclonal antibodies (MAb). The MAb immunoglobulin 
(Ig) in the ascites and cell culture supernatant fluid were isotyped by Ouchterlony test 
(The Binding Site Inc., San Diego, CA) and clarified by centrifugation. Subsequently, 
the immunoglobulin fractions were precipitated in 50 % saturated ammonium sulfate 
[(NH4)2S 04], pH 7.0. Following dialysis, immunoglobulin M MAbs were purified by 
anti-mouse IgM (ju-chain specific)-agarose column chromatography (Sigma Chemical 
Co., St. Louis, Mo.). The IgG MAbs isotypes were affinity purified on Protein A- 
Sepharose (Sigma Chemical Co., St. Louis, Mo.). The purified MAb immunoglobulins 
were concentrated by the Amicon filtration system (Amicon Inc., Bevery, MA) or by
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Aquacide dehydration (Calbiochem, La Jolla, CA) and protein concentrations were 
determined by BCA assay.
Preparation of coagglutination reagents. IgG MAbs were adfixed through the 
Fc region to formalin-killed Staphylococcus aureus Cowan I ATCC 12598 cells. To 
determine the quantity of MAb required, equal volumes of two-fold dilutions of purified 
IgG MAbs starting with at least 0.5 jug/ml of antibody and 10% suspension (vol/vol) 
of prepared Staphylococcus cells (Farmer and Tilton, 1980, and Simonson and 
Siebeling, 1986) were mixed, incubated at 4°C overnight, and the IgG-armed S. aureus 
were sedimented. The armed cells were suspended in 2.5 volumes of 0.067 M 
phosphate buffer saline, pH 7.2 (PBS). The titer was determined by slide agglutination 
and appropriate dilutions were chosen to prepare a large-scaled coagglutination 
reagents.
For IgM MAbs, 0.2-pm  unmodified latex beads (Sigma Chemical Co., St. 
Louis, Mo.) were used as carriers. The latex beads were washed and standardized 
(Sigma Chemical Co., St. Louis, Mo.) in glycine bufferred saline (GBS; 7.3 gm 
glycine, 10 gm NaCl, 1 gm sodium azide, pH 8.2) a working dilution was determined 
as reported above. Similarly, equal volumes of two-fold diluted antibody and 
standardized latex beads were mixed, incubated in 37°C-water bath for 2 hrs. The 
IgM-coated latex beads were sedimented and resuspended in 1 volume of GBS-bovine 
serum albumin (GBS-BSA; 0.1 gm BSA in 100 ml GBS) and stored at 4°C until
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needed. The IgM concentration that gave an optimum agglutination reactions was 
chosen to produce a large batch of the latex reagent.
Coagglutination tests. Thirty-five strains of Vibrio parahaemolyticus and 
thirty-four heterologous Vibrio species were tested. Each Vibrio isolate was grown on 
an alkaline peptone agar slant at 37°C for 16-18 hrs. The cells were harvested in 1-2 
mL of TET buffer for 1 and 24 h. Slide agglutinations were done by mixing one drop 
of the coagglutination reagent with one drop of the vibrio cell suspension. 
Coagglutination reactions were recorded as +  +  + (1 min), + +  (2 min), and +  (3 
min) observed within 3 min.
Immunoelectron microscopy. The method employed was modified from that 
described by Adams et al. (1988). A 20 pL  of cell suspension in PBS (lOMO6 
cells/mL) was placed onto a parlodion- and carbon-coated grid and incubated for 10 
min at room temperature. Excess fluid was withdrawn from the grid with a piece of 
filter paper and non-specific binding sites were blocked with addition of 2% BSA. The 
grid was then incubated with test antibody, namely supernatant from antibody-secreting 
hybridoma or affinity-purified immunoglobulin for 30 min at room temperature. The 
grid was washed carefully with 100 pL  of PBS and then incubated with a gold labelled 
goat anti-mouse immunoglobulin IgG + IgM (H +  L) (10-nm colloidal gold particles) 
(Amersham, UK) diluted 1:15 in PBS. Finally, the grid was washed with PBS and 
distilled water and then examined under transmission electron microscope (JEOL
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100CX) at 80 kV. In case of negative staining, 1% uranyl acetate was applied after 
removal of cell suspension fluid.
When polar flagellar core was stained, the flagellar sheath was removed to 
expose the core protein. To do so, V. parahaemolyticus ATCC 10136 was grown in 
4-ml alkaline peptone broth at 37C for 16-18 hrs. The cells were then sedimented and 
resuspended in 3-4 ml of saline solution. The cell suspension was placed on a carbon- 
coated grid and treated in the following manner; N/100 HC1 at 5, 10, 15, and 30 min; 
6 M Urea at 5, 10, 15, and 30 min; or autolysis at 4°C. At each time interval, a 
portion was removed and examined under the TEM (Follett, 1963; Fuerst and 
Hayward, 1969). Only those preparations that gave evidence that no sheath was present 
were used in immunoelectron microscopy as described above.
Results
The polar flagellar core (flc) antigen of V. parahaemolyticus was purified from 
overnight culture in alkaline peptone broth. The flagella were sheared and following 
differential centrifugation, they were further purified by CsCl gradients centrifugation 
in TET buffer. Triton X-100 has been a successful treatment to remove the flagellar 
sheath such as reported in V. cholerae (Ferris et a l., 1984) and Bdellovibrio 
bacteriovorus (Thomashow and Rittenberg, 1985). Furthermore it also dissociated the 
contaminating vesicles present in the crude preparation as well as in the CsCl gradients
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step (Yang et al., 1977). Four to five cycles of differential centrifugation were 
required to effectively remove the flagellar sheath. In the absence of Triton X-100, the 
vesicles became bound to the flagellar core and contaminated this organelle in the CsCl 
gradient bands. Figure 1 shows a transmission electron micrograph of purified polar 
flagella free of cell debris and vesicles.
From two fusion experiments, twelve hybridomas which secreted MAbs which 
reacted with V. parahaemolyticus core protein were identified by ELISA (OD405 > 
1.0). One clone designated 4G7 was selected, cloned, and maintained as a source of 
anti-core MAb (MAb-flc) for subsequent experiments while the remaining clones were 
frozen and stored as back-up clones. Hybridoma clone 4G7 secreted IgGl MAb which 
reacted specifically with the polar flagellar core by immunogold labelling (Figure 2.).
The removal of the sheath, which enshrouds the core, was attempted by 
subjecting whole flagella to each of the following treatments 1) N/100 HC1 at pH 2, 2) 
6 M Urea, or 3) autolysis in saline at 4°C. Each of the three treatments did not appear 
to affect the structural intregity of the core which is similar to that reported for V. 
cholerae El Tor and V. metschnikovii (Follett and Gordon, 1963). However the degree 
of sheath dissociation varied between the different treatments.
Neither HC1 treatment nor exposure to 6 M urea successfully removed the 
sheath. The HC1 treatment for 5 and 10 min showed the same evidence of flagellar 
sheath disintegration. Exposure the flagella to HC1 for 15 min removed the entire 
sheath (however most flagella became detached from the cell bodies) and at 30 min
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Figure 1. Transmission electron micrograph of purified polar flagellar core protein 
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Figure 2. Transmission electron micrograph of positive reaction of monoclonal 
antibody against V. parahaemolyticus polar flagellar core protein by 
immunogold labelling (2a) compared to normal mouse serum as a 
negative control (2b).
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exposure prevented adherence of the cells to the grids. When vibrio cells were treated 
with urea they failed to adhere to the grid at any treatment time period, which may 
reflect the instability of the cells in urea solution. Interestingly, when a saline V. 
parahaemolyticus cell suspension was incubated at 4°C for 9 days, the flagellar sheath 
was removed completely. Figure 3a. shows cells incubated for 2 days at 4°C with no 
evidence of sheath loss. However, following five days incubation, the sheath appears 
to open up longitudinally. In some microscopic fields, the intact core can be partially 
visualized (Figure 3b.), and after nine days of incubation at 4°C, the entire flagellar 
core can be seen (Figure 3c.). During the 4°C-incubation, individual cells autolyzed, 
but the cellular debris remained attached to the flagella. In one preparation of purified 
flagellar core, the sheath was not completely removed, because the differential 
centrifugation step was not carried out with enough cycles to remove sheath. As a 
consequence, the fusion which was done by using this preparation to immunize mice 
and to screen hybridomas, resulted in anti-sheath (MAb-fls) instead of anti-core. 
However, a decision to use these MAbs was made.
Two hybridomas, 3C12 and 1A9, which secreted anti-polar flagellar sheath MAb 
(MAb-fls) were generated, both of which secreted IgG2a isotype. Ascites fluid was 
produced for the following experiments. The immunogold labelling was carried out in 
similar manner except that the bacterial cells were suspended in saline solution and 
incubated at 4°C for only 1-2 days. Figure 4. illustrates the reaction of the MAb to 
only the sheath but not to the exposed intact core protein.
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Figure 3. V. parahaemolyticus cell suspension in saline solution at 4°C. Two clays 
after incubation, the sheath was still intact (3a). Five days after incubation, 
the sheath appeared to partially open longitudinally (3b) and was completely 





Figure 4. Transmission electron micrograph o f the positive reaction o f monoclonal 
antibody against polar flagellar sheath by immunogold labelling (4a) 
while the MAb did not react with the core protein (4b).
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Coagglutination reactions were done by slide agglutination with 34 Vibrio 
parahaemolyticus strains (Table 1.) as well as 34 heterologous Vibrio species (Table 
2.). Coagglutination reagent for Mab-flc reacted with every strain of V. 
parahaemolytius as expected since the polar flagellar antigens have been reported to be 
species-specific for the genus Vibrio (Bhattacharyya, 1975; Bhattacharyya and 
Mukeijee, 1974; Miwatani and Shinoda, 1971; Sakazaki et al., 1968; Schiewe et al., 
1981; Simonson and Siebeling, 1986; Tassin and Siebeling, 1984; Tassin et al., 1983; 
Tereda, 1968).
Several strains of V. parahaemolyticus suspended in PBS were compared to 
those suspended in TET. Cells suspended in TET reacted faster with MAb-flc than 
cells suspended in PBS when tesing with MAb-flc. This was not unexpected since the 
core antigen is located beneath the sheath. Therefore, in order for MAb-flc to react 
with the core, the antibody had to penetrate the sheath barrier. Treatment with Triton 
X-100 removed the sheath providing access to the antigen. Most of V. 
parahaemolyticus strains, which are environmental isolates strongly reacted with MAb- 
flc within the first minute. A few strains (L5, L84) aggglutinated in the second minute.
MAb-fls raised against flagellar sheath exhibited similar strong reaction with its 
homologous species. As shown in Table 2., most of them agglutinated within the first 
minute, for example, L7, L8, L36, L 101, and L86Y. Interestingly, the strains that 
exhibited weakly with MAb-flc, also reacted in relatively the same manner as MAb-fls 
such as L5, L84. Seven species other than the vaccine species reacted with the MAb-
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Table 1. Coagglutination reactions for thirty four Vibrio parahaemolyticus strains 
tested with Staphylococcus cells armed with flagellar-core-specific mono­





L5 + + + +
L7 + + + + + + + +
L8 + + + + + + + +
L9 + + + + + +
L20 + + + + + + +
L21 + + +  + + + +
L22 + + + + + + +
L31 + + +  + + + + +
L36 + + + + + + + +
L37 + + + + + + + +
L41 + + + +
L84 + + +
L90 + + + + + + + +
L97 + +  + + + + +
L101 + + + + + + + +
L102 + + + + + + + +
L104 + + + + + +
L109 + + + + + + +
L118 + +  + + + + + +
L126 + +  + + + + + +
L135 + + + + + + + +
L140 + + + + + + +
L145 + +  + + + + +
L145 O + + + + + + + +
L145T + + + + + +
L30 Y + + + + +
L86 Y + + + + + + + +
L87 Y + 4* + + + + + +
L95 Y + + + + +  +
L96 Y + +  + + + + + +
L117 Y + +  + + + + +
L122 Y + + + + + +
L144 Y + + + + + + +
L148 Y + + + + + + + +
ATCC 10136 + + + + + +  +
Agglutination reactions were examined and scored to indicate the agglutination 
within 30 sec (+  4- 4- + ), 30 sec to 1 min (+  4- + ), 1 to 2 min (+  + ), 2 to 3 min 
(+ ) , or no agglutination (-).
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Table 2. Coagglutination reactions for thirty four heterologous Vibrio species tested 
with Staphylococcus cells armed with flagellar-core-specific monoclonal 
antibody (MAb-flc) and with sheath-specific monoclonal antibody (MAb-fls).
Vibrio s p e c ie s MAb-Fc MAb-Fs
V. aestau rlanus ATCC 35048 0 0
V. albensis 0 0
V. alginolyticus ATCC 33787 + + + + +
V. anguillarum  ATCC 19264 0 0
V. anguillarum  DOI 0 0
V. campbellii ATCC 25920 0 + + + +
V. carchariae ATCC 35084 0 + + +
V. cholera© LA 5875 0 0
V. cholerae ATCC 14035 0 0
V. cincinnatiensis ATCC 35912 0 +
V. costico la NCMB 701 0 0
V. dam seia ATCC 35016 0 0
V. d iazotrophlcus ATCC 33466 0 0
V. fischeri NCMB 1281 0 0
V. fluvialis ATCC 33810 0 0
V. furnissii ATCC 35016 0 0
V. g azo g en es ATCC 29988 0 0
V. harveyi NCMB 1280 0 + + +
V. holllsae ATCC 33564 0 0
V. m editerranei ATCC 43341 0 0
V. m etschnikovii ATCC 7708 0 0
V. mimicus ATCC 33653 0 0
V. natriegens ATCC 14048 0 + + + +
V. neresis  ATCC 25917 0 0
V. ordalii ATCC 33509 0 0
V. orlentalis ATCC 33934 0 0
V. pelag lus I ATCC 25916 0 0
V. proteolyticus NCMB 1326 0 0
V. sp lend idus I ATCC 33125 0 0
V. sp lend idus II ATCC 25914 0 0
V. tubiashii ATCC 19105 0 0
V. tubiashii ATCC 19106 0 0
V. tubiashii ATCC 19109 0 0
V. vulnificus I ATCC 27562 0 + + +
V. vulnificus II ATCC 33147 0 + +
Agglutination reactions were examined and scored to indicate the agglutination 
within 30 sec (+  + + + ), 30 sec to 1 min (+  +  + ), 1 to 2 min (+  + ), 2 to 3 min 
(+ ) , or no agglutination (-).
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fls including V. alginolyticus, V. campbdlii, V. carchariae, V. cincinnatiensis, V. 
harveyi, V. natriegens, V. vulnificus I and V. vulnificus II. The sheath antigen, yet to 
be defined, was not species-specific as the core protein. Furthermore, when anti-core 
reagents were tested, the vibrio cell suspension was incubated in TET buffer to 
facilitate removal of sheath and to expose flagellar epitopes while anti-sheath reagents 
agglutinated vibrio cell suspensions in either PBS or TET buffer.
Discussion
In this investigation, a rapid simplified method to purify flagellar core protein 
from V. parahaemolyticus ATCC 10136 was developed by differential centrifugation 
in TET buffer. The crude extract was further purified by CsCl gradient centrifugation. 
The flagellar core preparation showed long flagellar filament similar in morphology to 
those described by Miwatani et al. (1970) and Shinoda et al. (1970). Prior to CsCl 
gradient centrifugation, vesicles contaminated the crude flagellar preparation. Miwatani 
e ta l. (1970) and Shinoda et al. (1970) reported the similar preparation, they eliminated 
the vesicles by treatment with Triton X-100. In the absence of detergent, the spherical 
bodies still contained in the gradient. In the method reported here, two bands were 
observed following CsCl centrifugation, an upper band which contained purified flagella 
and the lower band that contained vesicles. The lower band could be removed without 
contaminating the flagellar band.
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Several fusion experiments were prepared to obtain MAbs with serological 
activity against flagellar core protein. Previously, anti-flagellar serum was raised 
against either intact flagella (Sakazaki et al., 1970; Tassin et al., 1983) or flagellin 
monomers (Shinoda et al., 1970; Shinoda et al., 1974; Shinoda et al., 1976) in rabbits. 
Polyclonal anti-H antibody showed species specificity (Sakazaki et al., 1970) when 
tested against formalin-fixed whole cell preparations,tested against purified flagellin 
protein (Shinoda et al., 1976). In this investigation, mice were immunized with 
purified intact flagella in advance of fusion experiments. After testing MAb-flc with 
34 strains o f V. parahaemolyticus, the MAb-flc exhibited species specificity. Therefore 
this result agreed with the previous finding which indicated this antigen a surface 
antigen (SA) from intact flagella (Shinoda et al., 1980).
MAbs specific for polar flagellar sheath were also obtained in this study. The 
flagellar sheath epitopes expressed by V. parahaemolyticus were also detected on V. 
alginolyticus, V. campbellii, V. carchariae, V. cincinnatiensis, V. harveyi, V. 
natriegens and V. vulnificus. It was not surprising that both MAb-flc and MAb-fls 
reacted with V. alginolyticus since this organism is biochemically similar to V. 
parahaemolyticus. V. alginolyticus was originally described as a biotype of V. 
parahaemolyticus (Furniss et al., 1978). Both produce a sheathed single polar and 
numerous unsheathed lateral flagella (Bauman et al., 1984). The flagellin protein of 
V. alginolyticus from polar as well as lateral flagella were reported to be serologically
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similar to those from polar and lateral flagella of V. parahaemolyticus, respectively 
(Miwatani and Shinoda, 1971; Shinoda et al,. 1976)).
The polar flagellum of V. parahaemolyticus is 24-30 nm in diameter and consists 
of a core (14 to 16 nm) surrounded by a sheath (Bauman et al., 1984) which has been 
reported to be continuous with the outer membrane of the cell wall not only for V. 
parahaemolyticus but also in other Vibrio species (Allen and Bauman, 1971; Follet and 
Gordon, 1963; Miwatani et al., 1971) and Bdellovibrio bacteriovorus as well (Seidler 
and Starr, 1968). It was reported that for V. cholerae, the sheath and outer membrane 
contain a common protein composed of three polypeptides with molecular weights of 
60 kD which are not related serologically to the flagellin protein. Antibody produced 
against the lipopolysaccharide (LPS) of V. cholerae reacted with the outer membrane 
only, not the sheath (Hranitzky et al., 1980; Bauman et al., 1984). However, this 
finding was contrary to that of Adams et al. (1988) when monoclonal antibodies against 
V. cholerae 01 lipopolysaccharide were produced. They reported that these 
monoclonal antibodies reacted with both cell surface and the flagellar sheath as 
demonstrated by immunoelectron microscopy. Studies done on the composition of the 
flagellar sheath from Bdellovibrio bacteriovorus showed that it contained approximately 
25% protein, 38% phospholipid, and 12% LPS (Thomashow and Rittenberg, 1985). 
They also reported that the flagellar sheath from this organism was a stable domain, 
distinct from the bulk of the outer membrane constituents. However in this research,
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MAb-fls remains to be determined. Additional investigations may identify whether the 
epitope that MAb-fls recognizes is protein or lipopolysaccharide.
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CHAPTER II





Attachment of bacteria to mucosal surfaces has been recognized as the initial 
event in pathogenesis of most bacterial infectious diseases of animals and humans 
(Beachey, 1981). Among Vibrio spp., V. cholerae has been the most studied to date 
(Jones et al, 1976; Jones and Freter, 1976; Freter and Jones, 1976; Belas and Colwell, 
1982; Nakasone and Iwanaga, 1987). It has been shown that this bacterium associates 
intimately with the intestinal mucosa (Freter, 1969) and failure to do so results in 
reduction in virulence (Ellen and Gibbons, 1972; Jones and Rutter, 1972). This led to 
the assumption that the ability to colonize constituted an important pathogenic 
mechanism of this organism. Several investigators demonstrated by fluorescent 
microscopy (Freter, 1969; LaBrec et al., 1965) and by electron microscopy 
(Finkelstein, 1975; Patnaik and Ghosh, 1966) that V. cholerae closely associated with 
the surface of the epithelial cells. However, neither host nor bacterial factors involved 
in adhesion were defined at that time.
In 1976, Schrank and Verwey reported that vibrios could not reach the epithelial 
cell surface unless the organism traversed the continuous mucus sheet covering the villi. 
This was controversial with the classical work of Florey (1933) which showed there 
were patchy areas of mucus with many areas of free villi in cat and rabbit intestine. 
By using carbon particles applied to the intestinal surface, they observed that first 
contact was made between carbon and the free villi. The carbon particles were
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subsequently "rolled up" into secreted mucus by contractile movement. Another 
experiment supporting the latter result showed Escherichia coli K88 reacted in vivo 
with the epithelial surface (Jones and Rutter, 1972). Jones et al.(1976), also confirmed 
this result by testing the attachment of V. cholerae onto brush border membranes of 
epithelial cells of rabbit small intestine and human group O erythrocytes. They also 
tested the interaction of the vibrio cells and the mucus gel extruded from the rabbit 
small intestine. V. cholerae adhered readily to isolated brush border membranes and 
agglutinated human group O erythrocytes. The adhesion events observed in the above 
study were temperature-dependent and required the presence of divalent cations. At 
37°C, adhesion was unstable and the vibrio cells lost adhesiveness and could be eluted 
from the brush border surface. In contrast, the cells were not eluted when incubated 
at 22°C while little or no adhesion occurred at 0-4°C. Temperature dependence of 
vibrio adhesion was similar to that of vibrio hemagglutination. In the study involving 
the mucus gel, they observed that vibrios penetrated intestinal mucus gel and were 
occasionally entrapped in it. However, there was no evidence that vibrio attached to 
mucus gel. Furthermore, the medium used in this study (Trypticase soy broth without 
glucose) influenced adhesion event. V. cholerae grown in broth were strongly adherent 
in the logarithmic and stationary phases of growth, while V. cholerae cells grown on 
agar were only weakly adherent.
Nelson et a l.(1976) examined adhesion events by electron microscopy. They 
injected V. cholerae cells into rabbit intestines and observed that V. cholerae cells
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attached unevenly to the microvilli. One villus might exhibit several hundreds of 
attached cells, while the next one exhibited few or no cells. Time studies were also 
carried out and they reported that no adherent vibrio cells could be found on the villi 
10-20 min post challenge. At 30 to 40 min after postinfection, an average of two to 
three cells per villus were found. The greatest number of adherent cells were observed 
1 h following infection and reached a maximum at 6 to 7 h. Twelve hours following 
infection, only a few vibrios were detected. The experiment was carried out in both 
adult rabbits as well as infant rabbits. The findings in both models were similar except 
that in the infant rabbit, adhesion proceeded at faster rate. The animal model was 
useful but exhibited a lag period in attachment which differed from the "in vitro" 
system which examined V. cholerae adhesion to human O erythrocytes, isolated 
intestinal cells, and slices of intact intestine and indicated that adherence could occur 
very rapidly. The difference in adherence rates between in vitro and in vivo systems 
may be due to several factors. One possibility is the presence of a barrier in the gut 
that bacteria must first penetrate to reach the epithelial surface. A likely candidate is 
the mucus sheet that overlies the villus tip (Nelson et al., 1976). Another a report 
suggested that the mucus layer might present a barrier that prevented or slowed the 
penetration of vibrios into the intervillous spaces (Schrank and Verwey, 1976).
In 1975, Guentzal and Berry (1975) reported that nonmotile vibrios were less 
adhesive to the mucosal surfaces in "in vivo" models and were relatively avirulent. 
This finding was supported by Jones and Freter in 1976 when they isolated nonmotile
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vibrio mutants which lacked the ability to adhere to rabbit intestinal brush border 
membranes and failed to agglutinate human group O erythrocytes. These findings led 
some to speculate that, the rate of adhesion depended on motility to bring vibrio to the 
cell surface. Second, the flagellum either acts as a carrier for the bacterial adhesion 
or may itself be the adhesin. In their investigation, Freter and Jones (1976) reported 
the existence of at least two specific mucosal receptors for V. cholerae adhesion. One 
receptor was L-fucose sensitive and located on the brush border surface, while the 
second receptor was L-fucose resistant, and its location was unknown.
Knutton et al. (1987) reported that adhesion of E. coli to human small intestinal 
enterocytes or cultured small intestinal mucosal cells consisted of a two-stage adhesion 
event. The first stage, non-intimate contact, is promoted by adhesins, possibly fimbriae 
which extend from the bacterial cell surface. An example of this mechanism was the 
ability to adhere to rabbit intestinal brush border by a rabbit enteropathogenic E. coli 
strain (EPEC) RDEC-1 (Cheney et al.,1983). In contrast, the late stage of attachment 
involved the interaction between EPEC and the mucosal surface is promoted by 
nonfimbrial adhesin. Between the initial non-intimate attachment and the late intimate 
attachment step a dramatic elongation of the brush border microvilli occurs followed 
by their destruction by a process of membrane vesiculation (Knutton, 1987).
Hemolysin expression may be correlated with attachment of V. parahaemolyticus 
to gut tissue. Carruthers (1977) reported that KP-positive strains adhered to a human 
fetal intestinal (HFI) cell line in vitro more rapidly than did KP-negative strains.
39
Hackney et al. (1980) tested 16 strains of V. parahaemolyticus; six KP-positive and ten 
KP-negative isolates and reported that virulent strains e.g. those isolated from food 
poisoning victims exhibited a greater ability to adhere, regardless of their Kanagawa 
reactions, whereas KP-negative strains isolated directly from seafood uniformly 
exhibited weak adherence intensities. However, KP-positive strains isolated directly 
from seafood adhered strongly to the HFI cells. More observations were that the 
intensity of adherence was related more to the strain’s ability to cause food poisoning 
than to the KP reaction and the adhesion was increased in the presence of ferric iron 
in the medium.
Iijima et al (1981) showed that cell viability was essential in the adherence 
event, when they compared viable versus ethanol- or formalin-killed V. 
parahaemolyticus. They tested 32 strains of V. parahaemolyticus in the HeLa and 
human intestinal epithelial cell system and reported no correlation between KP reaction 
and adherence. More interestingly, they utilized an inhibition assay wherein V. 
parahaemolyticus cells were treated with anti-hemolysin serum (to levels which inhibit 
hemolysin production) and then exposed to the adherence test cell surface. Pretreatment 
with anti-hemolysin did not inhibit adherence, nor did pretreatment of target cells with 
hemolysin inhibit V. parahaemolyticus adherence. These findings indicated that 
adherence to cultured epithelial cells was not dependent upon KP.
In addition to a polar flagellum, V. parahaemolyticus may produce numerous 
lateral flagella (Bauman and Bauman, 1977). Belas and Colwell (1982) examined the
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capacity of laterally and polarly flagellated bacteria to adhere to chitin. Several species 
of Vibrio were tested including V. parahaemolyticus , V. alginolyticus, V.cholerae, V. 
anguillarum, V. fluvialis, V. vulnificus, V. campbellii, V. harveyi,V. natreigens, and 
V. neptuna. They observed a correlation between surface saturation kinetics, the 
production of lateral flagella, and the ability of laterally flagellated bacteria to inhibit 
the adsorption of polarly flagellated bacteria. Their findings suggested that the lateral 
flagella are important in the adsorption (attachment) of laterally flagellated bacteria to 
chitin surfaces. With respect to V. parahaemolyticus, they showed that the adsorption 
to chitin was strongest at 25 °C and the adsorption rates decreased at higher or lower 
temperatures. The adsorbed bacteria appeared to be bridged to the chitin surface. The 
production of lateral flagella correlated with temperature and NaCl concentration. 
However, the mechanism by which laterally flagellated vibrios adsorb to chitin surfaces 
is not known (Belas and Colwell, 1982).
For many pathogens, pili have been reported to be involved in colonization, such 
as in E. coli (Evans and Evans, 1978; Honda et al., 1984; Smith and Lingood, 1971) 
and Neisseria gonorrhoeae (Punsalang et al., 1973). Recently, Nakasone and Iwanaga 
(1990) reported that V. parahaemolyticus possesses pili in addition to polar and lateral 
flagella which they isolated and characterized. In the rabbit intestinal mucosal model, 
they showed that antipilus-treated organisms failed to adhere to the intestine and did not 
adhere to intestine pretreated with purified pili. They, therefore concluded that V. 
parahaemolyticus pili played a significant role in colonization.
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Izadjoo (1992) examined the role of capsular polysaccharide (CPS) from a KP- 
positive V. parahaemolyticus in adherence. The adherence of V. parahaemolyticus 
BB220 to the rabbit intestine was impeded by pretreatment of vibrio cells with anti- 
CPS. Furthermore, mice treated with the anti-CPS were protected from a lethal 
challenge of 1010 viable cells, while non-treated mice died within 24 h. These results 
suggested that CPS may play a role in adherence of vibrios to the intestine.
One goal of this investigation was to assess the role of flagella in colonization 
since there exists no report which suggests relatedness of the flagella to the adhesion 
by using the rabbit intestinal mucosa as a model.
M aterials and Methods
Culture conditions. Vibrio parahaemolyticus strain ATCC 10136, Na2, L5, 
and L7 were used in this study. The bacterial cultures were maintained in semi-solid 
agar deeps (8 gm tryptone, 20 gm NaCl, 4 gm nutrient broth, 4 gm MgCl2, 4 gm KC1, 
and 4 gm agar) throughout this study.
Preparation of rabbit intestinal mucosa for adhesion studies. The procedure 
used was based on that developed for V. cholerae by Nakasone and Iwanaga (1987). 
Briefly, a 2-4 kg rabbit was sacrificed following 24 hour fasting and the upper one-third 
of the small intestine was removed. The intestine was opened longitudinally and 
washed with 3-4 changes in 500 ml Krebs-Ringer Tris (KRT) buffer (128 mM NaCl,
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5.1 mM KC1, 1.34 mM M gS04.7H20 , 2.7 inM CaCl2, 10 mM Tris-hydroxymethyl- 
aminomethane-HCl, pH 7.4) (Freter, 1969; Nakasone and Iwanaga, 1987; Iwanaga et 
al., 1989), stretched on a styrofoam platform and fixed in 3.7% formalin (V/V) KRT 
buffer for one hour. The intestine was cut into small pieces (1 cm x 1 cm) and stored 
in 3.7% formalin-KRT at 4°C until used. The intestinal preparation was not kept for 
longer than one month.
Adhesion of Vibrio parahaemolyticus on the intestinal mucosa. V. 
parahaemolyticus ATCC 10136 was grown in heart infusion broth (HIB) for 16-18 h. 
at 37°C. The overnight culture of V. parahaemolyticus which contained approximately 
109 cells/ml was sedimented at 10,000 x g for 20 min and resuspended in 1/10 the 
original volume to obtain approximately 10'° cells/ml. One ml of cell suspension was 
incubated with 1 mucosal tissue ( l x l  cm2), previously washed in KRT buffer, for 10 
min at 25-30°C. Non-adherent vibrio cells were removed by washing 4 times with 
KRT buffer. The tissue was prepared for scanning electron microscopy (SEM) by 
methods previously reported (Izadjoo, 1992). The adherent vibrios were counted 
from ten randomly selected fields at 5000 x magnification (Iwanaga et al., 1989).
Prelim inary studies. Since evaluation of adhesion was predicted on the number 
of bacteria attached to standardized area (965 pm 2 o f 3000 x, and 350 jam2 of 5000 x 
magnification) of rabbit intestinal mucosa, the culture conditions were examined to 
establish the optimal conditions for adherence.
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Four V. parahaemolyticus strains were tested; V. parahaemolyticus ATCC 10136 
(American Type Culture Collection), Na2 (Dr.Noboru Nakasone), and two 
environmental strains; L5 and L7 (Dr. Laynelle Ford, Department of Health and 
Hospitals, division of Laboratories, Alexandria, LA). Each strain was grown in 
alkaline peptone broth at 37°C for 16-18 h, and exposed to rabbit intestinal mucosa.
Four different combinations of cultural media and tissue exposure times were 
compared; alkaline peptone broth (APB) and heart infusion broth (HIB) and two 
incubation, 10 and 20 min, were examined.
Both fresh (not exposed to formalin) and formalin-fixed tissue were tested under 
identical experimental conditions.
Lastly, the number of vibrio cells exposed to mucosal tissue was examined. 
Formalin-fixed intestinal tissue was exposed to: 1010, 108, 106, and 104 vibrio cells for 
10 min each.
Selection of adherent V. parahaemolyticus strain . It had been observed that 
cell adhesion was inconsistent, possibly due to long-term storage of fixed intestinal 
tissue. In addition, long time maintenance of V. parahaemolyticus in the laboratory 
could reduce motility and affect adhesion. V. parahaemolyticus was grown in HIB 
supplemented with 0.1 % agar to provide viscosity to the medium and encouraged 
adherence. These cells were exposed to intestinal tissue for 10 min and this tissue was 
washed several times with sterile buffer to remove nonadherent bacteria. The tissue 
was placed in the center of sterile Petri-dish and overlaid with tempered (45°C) heart
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infusion agar (1.5% agar). The plate was incubated at 37°C until colonies appeared. 
Representative colonies were picked and propagated for adhesion experiments.
Adhesion inhibition assay. The protocol used was the same as described above 
except that V. parahaemolyticus cell suspensions were incubated with anti- flagellar 
core or anti-sheath antibody for 30 min at room temperature prior to exposure to the 
tissue. In this protocol, antigen-binding fragments (Fab) of monoclonal antibody was 
used instead of the intact antibody to prevent agglutination of the cells and antibody 
(Nakasone and Iwanaga, 1990). In order to determine the quantity of antibody required 
to inhibit the adhesion, two approaches described below were used.
Competition binding assay by ELISA. This protocol was modified from that 
described by Roehrig et al. (1982) and Talbot et al. (1984) for analysis of viral epitopes 
using MAbs. MAb was biotinylated as described by Bayer et al. (1979). Briefly, 
biotinyl-N-hydroxysuccinimide ester (BNHS) (Sigma Chemical Co., St. Louis, MO) 
dissolved in dimethylformamide (DMF), was added to a solution of desired antibody 
at a 1:50 (vol/vol) and 5:1 mol/mol ratio (1.5 mg/ml of anti-sheath, and 0.7 mg/ml of 
anti-core were used). For example, an aliquot (0.1 ml) containing 0.5 /imol BNHS (1.7 
mg/ml DMF) was added to a solution which contained affinity purified antibody (16 mg 
protein in 5 ml of PBS). The solution was incubated at room temperature for 4 h and 
dialyzed overnight at 4°C against PBS supplemented with 0.02 % sodium azide, with 
at least one buffer change. Biotinylated antibody was stored at -20°C.
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To determine the appropriate dilution of biotinylated monoclonal antibody 
(MAb-biotin) to use in this assay, various dilution of MAb-biotin and Streptavidin- 
alkaline phosphatase (Streptavidin-AP) (Pierce, Rockford, IL) were tested in the ELISA 
format. Four micrograms of purified flagellar protein per 100 /d of coupling buffer 
was added to each well of an Immulon II (Dynatech Laboratories, Inc., Alexandria, 
VA) microtiter plate overnight at 4°C. Nonspecific binding sites were blocked with 1 % 
bovine serum albumin (BSA) in PBST (0.067 M phosphate buffer saline supplemented 
with 0.1 % Tween-20). Fifty microliter of two-fold dilutions of MAb-biotin starting 
with 1:20 was added to each row of the ELISA plate. PBST was used as a negative 
control for each dilution of Streptavidin-AP. The plate was incubated at room 
temperature for 1 h and washed three times with PBST for 5 min each. Four dilution 
of Streptavidin-AP; 1:1,000, 1:2,500, 1:5,000, and 1:10,000 were tested. The plate 
was washed and 200 /d of substrate, p-nitrophenyl phosphate (1 mg/ml in 
diethanolamine buffer, pH 9.6), was added to each well. The plate was incubated at 
37°C for 30 min then the absorbance was read at 405 nm. The dilution of MAb-biotin 
and Streptavidin-AP that gave A405 readings of >  0.2, after subtracting the negative 
control value, were considered positive. Wells which gave readings of >  1.0 were 
selected to used in the competition assay.
The competition binding assay was done by coating the flagellar core protein 
onto ELISA plate as described above and the nonspecific binding sites were blocked 
with 1% BSA-PBS. Fifty microliter volumes of two-fold dilutions of non-conjugated
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MAb (primary MAb, 1°), starting with 100 jug/ml MAb, were added. The plate was 
incubated at room temperature for 1 h, and then washed one time with PBST. Fifty 
microliter of biotinylated MAb (secondary MAb, 2°) (1:5120 for anti-sheath or 1:100 
for anti-core) was added, incubated for 1 h and washed four times with PBST. Fifty 
microliter of the optimal dilution of Streptavidin-AP (1:10,000 for both MAbs) was 
added, incubated for 1 h at room temperature and washed four times with PBST. The 
substrate was added as described above and absorbance values at 405 nm were 
determined.
Coagglutination inhibition assay. This method was based on the 
coagglutination test described in Chapter I. First, two-fold dilutions of MAb were used 
to prepare coagglutination reagent (starting with 0.7 mg/ml MAb-flc or 1.5 mg/ml 
MAb-fls) armed with 10% Staphylococcus cells. The coagglutination reagents were 
tested with 10'° cells/ml V. parahaemolyticus ATCC 10136 and positive reaction was 
determined within 3 min. The dilution of MAb that gave the positive result within the 
first min was selected to use in coagglutination inhibition test (Undiluted MAb-flc and 
1:8 dilution of MAb-fls were selected).
The coagglutination inhibition experiment was carried out by incubating V. 
parahaemolyticus cells at 1010 cells/ml with two-fold dilutions of Fab fragments 
(starting with 0.008 to 4.0 mg Fab per ml vibrio cells) from MAb-flc or MAb-fls for 
30 min at room temperature. The Fab fraction was used instead of the intact antibody 
to prevent agglutination between antibody and the cells. The MAb-reacted cell
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suspension was tested with previously prepared coagglutination reagent by slide 
agglutination. Titer of coagglutination inhibition was determined as a dilution of Fab 
fragment that inhibited the agglutination of vibrio cells and coagglutination reagent.
Preparation of Fab fragments. An immunoglobulin (IgG) molecule consists 
of identical pairs of heavy (H) and light (L) chains (MW = 50,000 and 25,000, 
respectively) linked by disulfide bridges (Figure 5). Papain, a sulfhydryl protease, 
cleaves IgG into three fragments which retain biological activity: two Fab (fragment, 
antigen binding) fragments and one Fc (fragment, crystalline). The purified Fab and 
Fc fractions were analyzed on SDS-PAGEgel electrophoresis under reducing condition. 
(Abbas et al., 1991). Each Fab contains one antigen binding site and consists of one 
L chain and the amino terminal half of the H chain. The remaining carboxy-terminal 
halves of the two H chains, including the inter H-chain disulfide bonds (or hinge 
region), comprise the Fc fragment which contains the site responsible for the mediation 
of most biological functions.
The procedure used to prepare Fab was modified from that described by Mage 
(1980) and by using Immunopure Fab Preparation Kit from Pierce (Pierce, Rockford, 
IL). According to the Mage (1980) protocol, 1 mg of papain was added to 100 mg of 
purified IgG in a solution containing 2 mM EDTA and 10 mM L-cysteine. The 
mixture was incubated at 37°C for 1 h or overnight without shaking and the reaction 
was stopped by dialysis against 10 mM acetic acid with at least two changes. The
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Figure 5. Proteolytic fragments of an immunoglobulin molecule generated by papain.
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reaction mixture was centrifuged at 9,000 x g for 15 min to remove residual papain and 
dialyzed against 0.1 M phosphate buffer, pH 8.0. The Fab fragments were purified by 
Protein-A column chromatography which binds the Fc fragments and undigested IgG, 
while unbound Fab was eluted with starting buffer. The Fab fraction was concentrated 
and stored at -70°C.
Results
In the study involving adhesion of Vibrio cholerae, Freter and Jones (1976) 
reported that there may be several factors which contribute to optimal adhesion; 
bacterial cell concentration and characteristics of antibody which included type, 
specificity, and concentration. Studies with V. parahaemolyticus found that the 
adhesion ability was related to a number of factors including strain of the bacterium, 
length of incubation time and composition of the growth medium (Hackney et al., 
1980).
Since the number of bacteria adhered to the rabbit intestinal mucosa determines 
the ability of the organism to colonize, determination of optimal experimental conditions 
was the first consideration. First, adherence of four V. parahaemolyticus strains were 
compared. V. parahaemolyticus strain ATCC 10136, Na2, L5 and L7 were evaluated. 
Each strain was grown in alkaline peptone broth. The result of the adhesion study are 
presented in Table 3. Strain ATCC 10136 routinely gave the highest number of the
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Table 3. Comparison of four Vibrio parahaemolyticus strains for their ability to adhere 
to rabbit intestinal mucosa.





a this value represents an average obtained from 10 randomly selected 
intestinal mucosal fields (350 ^m2, at 5000 x).
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adherent bacteria on the mucosa (244 bacteria/area, at 5,000 magnification). Strains 
L7, L5 and Na2 exhibited a decreasing capacity to adhere (127, 35, and 1 cells/area, 
respectively). Strain ATCC 10136 which exhibited the greatest adherence capacity was 
selected.
Secondly, a comparison of growth medium and tissue exposure time were 
evaluated. The results of these experiments are shown in Table 4. After 10 min 
incubation, cells grown in HIB exhibited approximately 2.5 times more adherent cells 
than cells grown in APB, conversely cells grown in APB exhibited greater at 20 min. 
there was little difference in the number of adherent cells between 10-min incubation 
with HIB grown versus 20-min incubation of APB grown cells. The 10 min incubation 
was selected. It was noticed that the cell culture grown in APB were more elongate 
than in HIB medium.
Other than the above effort, comparison of fresh and fixed tissue had been 
attempted (Table 5). Two types of tissue were tested; one was small intestinal mucosa 
and the second was Peyer’s patch tissue. The latter consists of defined aggregates of 
mucosa-associated lymphoid tissues (Abbas et al., 1991) which had been reported in 
attachment of the organisms. However, in this study, V. parahaemolyticus cells 
adhered more uniformly and in great numbers on the mucosa than on Peyer’s patches. 
Furthermore, the bacteria were not able to adhere well on either fresh mucosa or fresh 
Peyer’s patches which had not been fixed in formalin. The fresh tissue used in this 
study were obtained from the intestine which had been removed, washed and then
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Table 4. Comparison of the adhesion ability of V. parahaemolyticus ATCC 10136 
cells grown in Alkaline peptone broth (APB) or Heart infusion broth (HIB) 
and exposed to rabbit intestinal mucosa for 10 or 20 minutes.
Medium, incubation time average no. of adherent bacteria a
APB, 10 min 50
APB, 20 min 126
HIB, 10 min 124
HIB, 20 min 99
a this value represents an average obtained from 10 randomly selected 
intestinal mucosal fields (350 /on2, at 5000 x).
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Table 5. Comparison of the ability of V. parahaemolyticus ATCC 10136 cells to 
adhere to fresh and formalin-fixed rabbit intestinal tissue.
Tissue average no. of adherent bacteria
fresh mucosa 2
fresh Peyer’s patches 4
fixed mucosa b 107
fixed Peyer’s patches b 15
a this value represents an average obtained from 10 randomly selected 
intestinal mucosal fields (350 /xm2, at 5000 x).
b small intestine mucosa, and Peyer’s patch tissue exposed to 3.7% formalin- 
KRT
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exposed to vibrio cells whereas other references (De and Chatterjee, 1953; Teppema 
et al., 1987; Reyes et al., 1983; Nelson et al., 1976) used "in vivo" experiments. They 
injected bacterial cell suspensions into rabbit ileal loops of anesthetized rabbits in an 
attempt to mimic the natural setting. In this study, the fresh tissue removed from the 
rabbit had probably begun to autolyze and release enzymes which damaged the surface 
receptors to which bacteria become bound. Due to regulations of the LSU animal 
facility, the "in vivo" infection model was not accepted as a protocol. It was decided 
to explore the feasibility of the fixed mucosal tissue model for adhesion studies.
During the course of study, it was noticed that the numbers of adherent bacteria 
to mucosal tissue were not consistent from one experiment to the next. These 
inconsistencies could be due to several reasons, for example, tissue could not be stored 
indefinitely (Nakasone and Iwanaga, 1987) or the Vibrio cells maintained in the 
laboratory lose their ability to adhere. An effort was made to select colonies which 
grew out from adherent bacteria on intestinal tissue submerged in agar, with the idea 
that the colonies that grew from the embedded tissue should express optimal 
colonization factors. These colonies were compared in adhesion capacity to V. 
parahaemolyticus cells grown from maintenance agar deeps. In addition, various cell 
concentrations (104, 106, 10K, and 1010 cells/ml) were exposed to mucosal tissue. The 
results shown on Table 6 reveal that 10'° cells/ml exhibited optimal adherence numbers 
and that cells selected from colonies that grew out from embedded tissue exhibited 
greater adherence values than cells taken from stock agar deeps.
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Table 6. Evaluation of the optimal number of adherent V. parahaemolyticus cells 
isolated from the embedded tissue required to observe tissue adherence.
V. parahaemolyticus cells 
from:
cell conc./ml“ average no. of adherent 
bacteria
embedded tissue 1010 110b
embedded tissue 108 9
embedded tissue 106 0-1
embedded tissue 104 0-1
agar grown culture 101U 77
a cells exposed to intestinal mucosa tissue
b this value represents an average obtained from 10 randomly selected 
intestinal mucosal fields (350 /xm2, at 5000 x).
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The following conditions were used in the adhesion inhibition studies. A colony 
which grew out from embedded tissue was selected, propagated HIB medium at 37°C 
for 16-18h. The overnight culture was sedimented and the cells were resuspended in 
1/10 of the original culture volume to obtain 101U cells/ml in KRT buffer. Fixed 
mucosa tissue was used, usually less than two-week old.
Prior to running the adhesion inhibition assay, the quantity of flagelllar-specific 
MAbs required to saturate the binding sites on the flagellar sheath and core were 
determined. Two approaches were used to estimate this value; one was the competition 
binding assay (CBA) and the second was the coagglutination inhibition assay. Each 
method was based on the same principle which was to determine the optimal 
concentration of the antibody required to saturate the epitope sites of the flagella and 
inhibit the adherence to the mucosa. If the epitopes of interest; e.g. flagellar sheath or 
core protein participate in adherence, neutralization of those sites with antibody should 
block adherence, and as a result, the number of adherent cells will decrease.
In principle, the CBA, an ELISA-based test was the first used to determine 
spatial arrangements of antigenic epitopes of viruses (Roehrig et al., 1982). In this 
experiment, the flagellar antigen was coated onto the ELISA plate followed by 
incubation with sheath-specific or core-specific MAbs. Subsequently, the competitive 
biotinylated MAb was added and incubated. The level of bound 2° MAb was detected 
by Streptavidin-AP and its substrate. Purified flagella were used as antigen, and the 
combination of biotinylated MAb and Streptavidin-AP that gave the A4U5 >  1.0 was
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used in the competition assay. A 1:200 dilution of biotinylated anti-flagellar core MAb 
in combination with a 1:10,000 dilution of Streptavidin-AP was used, while 1:2560 
dilution of biotinylated anti-flagellar sheath MAb was used.
Since 1010cells/ml was used in the adhesion inhibition experiment, therefore the 
same concentration was applied in CBA assay to mimic this condition. Fifty microliter 
of 1010 cells/ml was replaced purified flagella in microtiter plate. There were no 
positive reactions in any of the test wells. The CBA assay was not successful because 
the number of cells added to each well was too high and they did not bind effectively 
to the plate. Following several washing steps, the cells were washed out of the plate. 
As a consequence, the appropriate quantity and dilution of test reagents including MAb- 
biotin and Streptavidin-AP could not be determined by CBA.
Therefore, coagglutination inhibition was used, first to determine the dilution 
of MAb, on S. aureus cells (coagglutination reagent) that produced a positive reaction 
within one minute. Vibrio cell suspensions, at 101U cells/ml in PBS, was tested in the 
coagglutination reaction. Two-fold dilutions of MAb, starting at 0.7 mg/ml for MAb- 
flc and 1.5 mg/ml for MAb-fls, were used to prepare coagglutination reagents. The 
coagglutination results are shown on Table 7. Coagglutination reactions exhibited the 
titer at 1:4 and 1:128 for coagglutination reagents of MAb-flc and MAb-fls, 
respectively. However, only the dilutions of MAbs that showed agglutination within 
one min were chosen for coagglutination inhibition assay. As a consequence, MAb
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Table 7. Determination of anti flagellar-core (MAb-flc) and anti flagellar-sheath (MAb- 
fls) monoclonal antibody concentrations fixed to Staphylococcus aureus cells 
which coagglutinate 1010 Vibrio parahaemolyticus cells within one minute.
Dilution of MAb used to 
prepare coagglutination 
reagent
S. aureus cells armed 
with MAb-flc1'
S. aureus cells armed 
with MAb-flsb
undiluted -M --F +  +  +  +
1:2 4- + + +  +  +
1:4 + +  +  +  +
1:8 - + +  +  +
1:16 - +  +  +  +
1:32 - +  + +
1:64 - +  +
1:128 — +
a MAb-flc, starting concentration 0.7 mg/ml
b MAb-fls, starting concentration 1.5 mg/ml
c Agglutination reaction were examined and scored to indicate the 
agglutination within 30 sec (+  + + + ), 30 sec to 1 min (+  +  + ),
1 to 2 min ( + + ) ,  2 to 3 min (+ ), or no agglutination (-).
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were used undiluted for MAb-flc and 1:8 for MAb-fls to prepare coagglutination 
reagents for the coagglutination inhibition assay.
Coagglutination inhibition assays were carried out by incubating 1010 V. 
parahaemolyticus cells/ml in various concentrations of Fab fragments prepared from 
both anti-flc and anti-fls for 30 min. Then these treated cells were tested with 
coagglutination reagents. The Fab fraction was used instead of intact antibody to 
prevent the agglutination of the cells. Fab fragnments were prepared and analyzed by 
SDS-PAGE electrophoresis under reducing condition (Figure 6). Coagglutination 
inhibition was tested and the titer was defined as the lowest concentration of Fab that 
inhibited coagglutination. The results are shown on Table 8.
Three concentrations of Fab fragment for each MAb were selected to use in the 
adhesion inhibition experiment. They were 0.008, 0.031, and 0.125 mg/ml for the Fab 
of MAb-flc, and 0.25, 1.0, and 2.0 mg/ml for the Fab of MAb-fls. Each Fab 
concentration was selected to include Fab concentrations that inhibited positive 
coagglutination reaction in the inhibition test and a concentration which did not inhibit 
coagglutination.
Vibrio parahaemolyticus ATCC 10136 cells at a concentration of 1010 cells/ml 
were treated in the following manner 1) bacterial cells only, positive control, 2) Fab 
prepared from normal mouse serum, control-Fab, and 3) three concentrations of Fab. 
The vibrio cells were incubated with Fab for 30 min at room temperature. A piece of 
the rabbit intestine was placed into each tube of the bacterial cells and incubated for 10
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Figure 6. SDS-PAGE gel illustrates the Fab fraction (lane 3) under reducing condition 
compared to intact antibody (lane 2) and Fc fragment (lane 4). Lane l = 
Rainbow markers.
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Table 8. Determination of the level of Fab prepared from anti-flc and anti-fls IgG, 
which inhibits coagglutination of 10lu cells/ml of Vibrio parahaemolyticus 
cells by Staphylococcus aureus cells armed with homologous monoclonal 
antibody.
mg of Fab incubated S. aureus cells armed S. aureus cells armed 





0.5 - + b
0.25 - +  +  +
0.125 - +  +  +
0.063 - +  +  +
0.031 - +  +  +
0.016 + +  +  +
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min at 28°C as done for the adhesion experiment. Following a wash step, the tissue 
was fixed and prepared for examination under scanning electron microscope. Fifteen 
mucosal areas were selected randomly, at 3,000 x magnification. The adherent cells 
were counted, and a mean number calculated. Each experiment was done in duplicate 
and the results were given in Table 9 and 10 for MAb-flc and MAb-fls, respectively.
Analysis of variance indicated there was no significant difference in the number 
of adherent bacteria among three concentrations of Fab from anti flagellar core-specific 
MAb and between two controls (1 and 2) (Table 9). However, Fab-treated cells 
exhibited a decrease in numbers of adherent bacteria when the Fab fraction 
concentrations was increased (0.031 and 0.125 mg Fab). In the adhesion inhibition 
assay for anti flagellar sheath-specific MAb, there was a statistically significant 
difference between the controls (1 and 2) and the treatments with MAb-Fab in all three 
concentrations (Table 10).
In the present study, it was shown that V. parahaemolyticus cells adhere to the 
gut tissue in vitro (Figure 8). Figure 7 is a scanning electron micrograph of formalin- 
fixed rabbit intestinal microvilli at low magnification. The adherent bacterial cells often 
align horizontally to the intestinal surface of the tissue with some exception (Figure 8). 
The polar flagella appear to protrude from the cells, some of which aligned in parallel 
to the surface and others seemed to bridge cells. The cells did not attach in a uniform 
sheet on the intestine and they appeared to cluster in certain areas. The inhibition assay 
showed statistically significant differences between the adherence of Vibrio
63
Table 9. Adhesion inhibition. Enumeration of Vibrio parahaemolyticus cells adherent 
to intestinal mucosa following exposure to Fab fragments prepared from anti 
flagellar core-specific monoclonal antibody (MAb-flc).
Experimental group average no. of adherent 
bacteria on intestinal 
sample 1
average no. of adherent 
bacteria on intestinal 
sample 2
1) bacterial cells only 35c 32
2) control-Faba 26 43
0.125 mg/ml
3) MAb-Fabb at conc. of
0.008 mg/ml 20 24
0.031 mg/ml 16 11
0.125 mg/ml 22 17
a Fab prepared from normal mouse IgG
b Fab prepared from anti flagellar core-specific monoclonal antibody 
c numbers reflect an average of 15 areas examined at 3000 x.
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Table 10. Adhesion inhibition. Enumeration of Vibrio parahaemolyticus cells adherent 
to intestinal mucosa following exposure to Fab fragments prepared from anti 
flagellar sheath-specific monoclonal antibody (MAb-fls).
experimental group average no. of adherent average no. of adherent
bacteria on intestinal bacteria on intestinal
sample 1 sample 2
1) bacterial cells only \T 23
2) control-Fab“ 12 15
1.0 mg/ml
3) MAb-Fabb at conc.
of
0.25 mg/ml 2 3
1.0 mg/ml 6 5
2.0 mg/ml 3 5
a Fab prepared from normal mouse IgG
b Fab prepared from anti flagellar sheath-specific monoclonal antibody 
c numbers reflect an average of 15 areas examined at 3000 x.
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Figure 7. Scanning electron micrograph of rabbit intestinal microvilli at 150 x.
Figure 8. Scanning electron micrograph ot adherant Vibrio purahuetnolyticus cells to 
rabbit intestinal mucosa at 12250 x.
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parahaemolyticus cells on untreated cells and the cells pretreated with the Fab fraction 
of MAb-fls (Figure 9).
Discussion
Adherence of V. parahaemolyticus cells to rabbit intestinal mucosa as the first 
step in colonization was examined. It was reported previously that several organelles 
of this bacterium may be involved in the adhesion event. These include lateral flagella 
(Belas and Colwell, 1982), pili (Nakasone and Iwanaga, 1990) and capsule (Izadjoo, 
1992). Nakasone and Iwanaga (1990) reported an adherence role for pili. They treated 
the V. parahaemolyticus cells with the Fab fraction of antipilus antibody and the treated 
cells failed to adhere to the intestinal surface. Similar findings were obtained using 
anti-capsule Fab which inhibited the ability of V. parahaemolyticus to adhere to the 
rabbit intestine (Izadjoo, 1992).
In this study, the role of flagellar sheath and flagellar core protein in 
colonization was examined. First, experimental conditions used in the adhesion assay 
were established. Four different strains of V. parahaemolyticus, culture conditions, 
tissue exposure time, cell concentration, and the state of the intestinal tissue were 
examined. There was an increase in the number of adherent bacteria when the cells 
were grown in HIB medium at 37°C for 16 to 18 h. The optimal cell density was 10'°
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Figure 9. Scanning electron micrograph of untreated V. parahaemolyticus ATCC 
10136 (9a) adherent on rabbit intestinal surface compared to Mab-fls
Fab-treated cells (9b) at 3000 x
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cells/ml. The cell concentration of 10U) cells/ml seemed high, however, when 
compared to lower cell densities of 108, 10°, and 104 cells/ml, it became obvious that 
a high cell density was required. This cell concentration was also used by Nakasone 
and Iwanaga (1990) and by Izadjoo (1992) in their adherence experiments. The greatest 
level of adherence was observed following 10-minute exposure of cells to the mucus 
surface. This result correlated with previous reports by Hackney et al. (1980) in which 
they reported that, in "in vitro" experiments, a 10-min incubation period gave the 
highest intensity of the adherence. Finally, formalin-fixed tissue was used, from which 
the mucus layer had been removed from the intestinal surface by washing with buffer.
Fixation of intestinal surface with formalin, while preserving the cellular and 
structural integrity of the tissue for histological examination, may adversely influence 
the adhesion-interactions of bacteria with cell surface proteins or carbohydrates. In an 
attempt to avoid these potential problems, fresh, non-treated intestinal mucosa was 
tested and compared to formalin-fixed tissue. While the results were not satisfactorily 
assessed, V. parahaemolyticus cells adhered in greater numbers per examination field 
to formalin-fixed tissue than to fresh tissue (Table 5). Evidence suggests that bacterium 
often colonize to the glycocalyx protuberances of the microvilli (carbohydrate receptors) 
via pili, fimbriae, LPS and sometimes capsular adhesins. Whether formalin treatment 
alters intestinal receptors is unknown but that cannot be ignored when assessing the 
results of this study.
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As should be expected if flagella participate in the adherence, the flagellar 
sheath should exhibit this property as opposed to the flagellar core protein since the 
core is obscured by the sheath. Table 9 shows that there is no statistical difference in 
the adherent cell numbers between untreated cells and cell pretreated with control-Fab 
or MAb-Fab treated cells at low concentration (0.008 mg Fab). However, higher 
concentration of Fab from anti-core MAb showed inhibition in the numbers of adherent 
cells but not statistically significant.
The results of the adhesion inhibition assay done using MAb-fls are shown in 
Table 10. The difference in adherence between V. parahaemolyticus control cells and 
MAb-Fab-treated cells was significant (P = 0.05). It is also noteworthy that the 
control-Fab treated cells showed a decline in adherence when exposed to 1 mg/ml of 
normal Fab (Table 10). It is possible that normal mouse serum may contain 
background antibody which may recognize antigen on the V. parahaemolyticus cells, 
other than flagella, which may be involved in the adhesion event.
Three organelles on V. parahaemolyticus cells have been reported to be involved 
in the adhesion; lateral flagella (Belas and Colwell, 1982), pili (Nakasone and Iwanaga, 
1990), and capsule (Izadjoo, 1992). The present study showed by an inhibition assay 
that cells treated with Fab fraction of MAb-fls failed to adhere optimally. It was 
concluded that the flagellar sheath may contribute to the adhesion of V. 
parahaemolyticus in the rabbit intestinal model. The flagellar sheath may be itself an
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adhesin. Binding of Fab to the flagella may retard movement of the cell and or obscure 
some functional adhesin.
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CHAPTER III




Unlike Vibrio cholerae, little or no information is available on the genetics of 
V. parahaemolyticus. This organism was reported to have mol% G + C  for 
chromosomal DNA =  46-47 (7m, Bd) (Bauman et al., 1984). In 1984, Belas et al., 
studied the mechanism of chitin adhesion by the lateral flagella and developed mutants 
for lateral flagella (laj) expression of V. parahaemolyticus by using transposon 
mutagenesis. This particular gene system was chosen partly because mutant phenotypes 
were convenient to recognize. In this construction, the kanamycin resistance gene in 
mini-Mu was replaced by a tetracycline resistance gene since Vibrio strains show 
considerable natural resistance to kanamycin. Mini-Mu contains the lacZ structural 
gene, and transposition resulted in transcriptional fusion of Vibrio genes with the 
transposon lacZ gene. Therefore, expression of the lacZ gene was proportional to the 
level of transcription for the target gene. Regulation of lateral flagella gene expression 
was studied in vivo by measuring /3-galactosidase activity and the conditions which 
activated transcription of these genes were identified. Concurrently, mutants of V. 
harveyi defective in genes for bioluminescence (lux) were isolated. Subsequently, Belas 
et al. (1986) studied the regulation of lateral flagella gene (laf) expression by 
constructing fusions between the la f gene and the indicator luminescence gene (lux). 
The lux gene provided convenience and sensitivity to analyze factors which influence 
transcription of the lateral flagella genes (laj). Construction of the fusion strains was
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accomplished in vivo with a specialized transposon, mini-Mu lux, which upon insertion 
can align lux gene on the transposon with the transcriptional control element of the 
target gene. They found that mutants, with insertion of mini-Mu lux in laf genes, were 
defective in the swarming phenotype, and emitted light when they were propagated on 
agar media, but not when cells were grown in liquid media. Therefore, surface- 
dependent expression of lateral flagella synthesis is controlled by regulation of 
transcription. They also concluded that changes in viscosity of the medium are 
sufficient to induce all the phenotypic changes associated with swarmer cell 
differentiation.
A second genomic trait which has been exclusively studied in V. 
parahaemolyticus was the hemolysin gene which is responsible for the hemolytic 
characteristic called the Kanagawa phenomenon (KP). The hemolysin production is 
thought to be related to pathogenicity (Miyamoto et al., 1969). KP-positive strains are 
routinely isolated from the stool of patients showing gastroenteritis while the causative 
seafood item yields KP-negative isolates. Guerry and Colwell (1977) examined 12 
strains of V. parahaemolyticus including nine KP-positive and three KP-negative strains 
for plasmid deoxyribonucleic acid (DNA) by dye-buoyant gradient centrifugation. Four 
of the nine KP-positive strains, isolated from a gastroenteritis outbreak, contained 
multiple plasmid species of cryptic function. However, there was no correlation 
between the presence of plasmid and hemolysin production. This finding suggested that
78
hemolysin may not be extrachromosomal inherited (Guerry and Colwell, 1977; Twedt 
et a l., 1981; Taniguchi et al., 1985).
Kanagawa phenomenon associated hemolysin, a thermostable direct hemolysin 
(TDH) has been considered to be a major virulence factor based on epidemiological 
evidence. The role for TDH in enteropathogenicity is still unclear. Nishibuchi and 
Kaper (1985) studied the molecular genetics of TDH and attempted to elucidate its 
function in pathogenicity of V. parahaemolyticus by cloning the tdh gene from a KP- 
positive strain into the phage lambda vector in Escherichia coli (Kaper et al., 1984). 
The DNA sequence was characterized by Nishibuchi and Kaper (1985). The tdh 
structural gene was found to encode a mature protein of 165 amino acid residues and 
was preceded by a putative signal peptide sequence of 24 amino acids. Two promoters 
were located upstream of the structural gene; one was not functional in E. coli while 
the other was. The latter was located upstream to the former. The fragment which 
contained the structural gene and the potential promoters was cloned into a broad-host- 
range plasmid and mobilized into a KP-negative V. parahaemolyticus strain. In contrast 
to E. coli, where hemolysin activity was detected in the cell lysates only, introduction 
of the cloned gene into V. parahaemolyticus resulted in production of extracellular 
hemolysin (Nishibuchi and Kaper, 1985).
In another study, the thermolabile hemolysin (TLH) gene was also cloned into 
E. coli (Taniguchi et al., 1985). Both TDH and TLH were examined by Southern blot 
hybridization and colony blot hybridization experiments which indicated that TDH was
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present in the chromosomal DNA of 15 KP-positive strains but not in KP-negative 
strains, whereas TLH gene was detected in every strain tested. Comparison of the 
DNA sequence for the hemolysins of V. parahaemolticus to heterologous Vibrio species 
which include V. cholerae, V. vulnificus, and V. anguillarum showed no homology to 
TDH or TLH genes of V. parahaemolyticus.
In this portion of this investigation, genomic libraries of V. parahaemolyticus 
were constructed into Lambda ZAPII vector. The plaques were screened with flagellar 
core-specific polyclonal and monoclonal antibodies. Mini-Mu (15.8kb) transposon was 
used to mutagenize the flagellar gene generating null mutation. The insertion of several 
kilobases of the transposon permits precise physical mapping for the location of the 
mutation. The ultimate goal is to compare the homology of DNA sequences encoding 
polar flagellar core proteins between V. parahaemolyticus and V. vulnificus. We are 
interested in the flagellar core proteins because they express species-specific antigenic 
determinants. Their homology may provide insight into preparation of probes which 
would be useful in the construction of a detection system.
M aterials and Methods
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Construction of Vibrio parahaemolyticus genomic DNA library.
Bacteria and phage. Bacterial strains, plasmids, and bacteriophages are listed 
in Table 11. Vibrio parahaemolyticus ATCC 10136 DNA was used as a source of 
genomic DNA.
Chemicals, media and  culture condition. Escherichia coli strains were 
maintained on Luria-Bertani (LB) medium containing appropriate antibiotics listed on 
Table 12. The antibiotics were purchased from Sigma Chemical Co., St. Louis, Mo. 
Recombinant phages were plated onto NZY [5 gm NaCl, 2 gm MgS04.7H20 , 5 gm 
yeast extract, 10 gm NZ Amine (casein hydrolysate), 15 gm Bacto-agar, pH 7.5] agar 
plates.
DNA purification. DNA of V. parahaemolyticus ATCC 10136 was purified by 
a method modified from Murmur (1961) and Ford (1990). Two 100 ml-flasks of 
alkaline peptone broth (10 gm Bacto-peptone, 20 gm sodium chloride, 2 gm yeast 
extract, 4 gm MgCl2.H20 , 4 gm KC1, pH 7.5) were inoculated from the maintenance 
culture and incubated at 37°C for 5-6 hrs at 200-250 rpm on a rotary shaker. Each 
culture was used to inoculate one liter of the same formulation and incubated at 37°C 
at 200-250 rpm overnight. A Gram stain was prepared and examined from each 
culture.
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wild type American type 
culture collection
reck  1, endk  1, gyrk96, thi, Bullock et al., 1987 
hsdR ll(rk-,m k+ ), supEAA, 
re lk  1, X-, lac-, [F’, praAB,
/acIqZAM15, TnlO(tet)]
araD, «raB::Mu cts, lac, 
reck, rsph
Rec+, Mu cts
Castiho et al., 1984; 
Belas et al., 1984
M. Howe, University 
of Wisconsin, Belas 
et al., 1984
X ZAP II (Stratagene, 
La Jolla, CA)
X ZAP, S+  gene from X
gtio
Short e ta l.,  1988
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Table 12. List of antibiotics used in bacterial strains, vectors, and transposon.
















Cells were sedimented by centrifugation at 13,000 x g for 20 min at 4°C and 
were stored at -20°C until needed. The cell pellets were thawed in a 37°C water bath 
and suspended in 50 ml saline-EDTA (0.15 M NaCl +  0.1 M EDTA, pH 8.0). the 
cells were lysed by addition of 25% sodium dodecyl sulfate (SDS) and sodium 
perchlorate (NaC104) to provide high salt concentration for the subsequent step. 
Deproteinization was done twice by extraction in chloroform:isoamyl alcohol at a ratio 
of 24:1 (v/v). The DNA extract was precipitated in two volumes of cold ethanol. The 
precipitate was spooled and redissolved in small volume of Tris-EDTA (1 0  mM Tris 
+  1 mM EDTA, pH 8.0) buffer. Finally, the absorbences at 260 nm and 280 nm were 
determined by spectrophotometry. A value of O.D. 260:280 = 1.8 suggests that 
protein and ribonucleic acid have been removed and the concentration of the purified 
DNA content was calculated by reading O.D. 260 (1 OD260 = 50 jug/ml).
Rapid, small-scale plasmid isolation was performed by methods described by 
Birnbom and Doly (1979).
Cloning of Vibrio parahaemolyticus gene encoding polar flagellar protein(s). 
Genomic DNA from Vibrio parahaemolyticus was partially digested with EcoRI. The 
EcoRI fragments were ligated with T4 DNA ligase into the EcoRI sites of Lambda 
ZAPII vector. The recombinant DNA was packaged into Lambda ZAPII by using the 
Gigapack II Packaging Extract (hsd, mcrA-, mcrB-, and mrr-) (Stratagene, La Jolla, 
CA). The efficiency of packaging and recombination were evaluated by estimating the
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ratio of blue and white colonies upon plating. The DNA library was amplified prior 
to screening.
Production of anti-H  polyclonal antibodies. Twelve to 16 week-old New 
Zealand white rabbits were immunized intravenously with suspension of V. 
parahaemolyticus ATCC 10136 cells (1010 cells/ml) as described by Bhattacharyya 
(1977). One month following the first immunization, the rabbit was exsanguinated and 
the serum titer was determined by H-flocculation (Tassin et al., 1983). Antiserum 
obtained by this immunization schedule produced low titer (1:160 to 1:640) by H- 
flocculation and produced weak reactions when used to screen the DNA library. 
Therefore a second protocol was attempted.
Five hundred micrograms of purified V. parahaemolyticus flagella were mixed 
with an equal volume of Freund’s complete adjuvant and one ml of the emulsion was 
injected intradermally in 14 to 16 sites on a shaved rabbit back. One month following 
immunization, the rabbit was test bled and the H titer was 1:640. At this time, 0.5 ml 
purified flagella (300 yug) and 0.5 ml Freund’s incomplete adjuvant were mixed and 
injected intramuscularly at 2 sites. Seven weeks following the first immunization, the 
H titer was 1:5120 and the rabbit was exsanguinated.
Production of anti-H  monoclonal antibodies (MAb-flc). MAb-flc (clone 
4G7), obtained from a previous experiment (Chapter I) was purified by Protein G 
(Pharmacia LKB Biotechnology, Piscataway, NJ) column chromatography. Both rabbit 
antisera and mouse ascites fluid were absorbed with a sodium azide-killed E. coli cell
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suspension and/or treated with commercially available E. coli extract (Promega 
Corporation, Madison, WI) to remove background IgG components that bind to E. coli 
proteins (Promega, 1991)
Immunoscreening of the recom binant phages. The V. parahaemolyticus DNA 
library was screened for flagellar core protein by using ProtoBlot Immunoscreening 
System (Promega Corporation, Madison, WI). The DNA library, in E. coli XLl-Blue, 
was plated onto Petri dishes for screening (Undigested Lambda ZAPII Cloning Kit; 
instruction manual, Stratagene Cloning Systems, La Jolla, CA). The culture to be 
plated was started from a single colony of XL-1 Blue by propagation overnight at 30°C 
with vigorous shaking in 25 ml LB medium supplemented with 0.2% maltose and 10 
mM MgSG4 (No tetracycline was added in the presence of Mg). Cells were sedimented 
at 1000 x g for 10 min and resuspended in 0.5 volume of 10 mM M gS04. Before 
plating, the cells were diluted to OD600 = 0.5 with 10 mM M gS04.
One hundred-millimeter plates were used to screen plaques for V. 
parahaemolyticus flagellar protein expression. Two-tenth ml of the XL-1 culture, 
previously adjusted to OD600 =  0.5, was mixed with 0.1 ml of the packaged lambda 
clones or amplified suspension which contained approximately 17,000 recombinant 
bacteriophage. This mixture was incubated for 15 min at 37°C without shaking. Each 
aliquot of the mixture was mixed with 3 ml melted (48 °C) NZY top agar and poured 
evenly onto previously prepared NZY plates. The plates were incubated at 42°C for 
3-3.5 h. Plates were removed from the incubator and each plate was overlaid with a
86
dry nitrocellulose filter disk previously saturated in 10 mM IPTG. The plates were 
incubated at 37°C for 3.5 h (Incubation with nitrocellulose filter may also be done 
overnight at 4°C or, if the plaques were not yet large enough, at room temperature). 
Next, the position of the filter on the plates was marked with a needle and the filter was 
removed.
Immunoscreening was done following the Promega Protocol. One filter was 
placed in a Petri dish by using one filter per dish (approximately 7.5 ml of each reagent 
was used per dish). The filter was rinsed briefly in TBST (10 mM Tris-HCl, pH 8.0, 
150 mM NaCl, 0.05% Tween 20, per liter) to remove the remnant agar. Non-specific 
protein binding sites on the filters were saturated through addition of 1 % BSA (Bovine 
serum albumin, Sigma Chemical Co.,St. Louis, MO) in TBST and incubated for 30 
min. Each filter was incubated with the primary antibody for 30-60 min and washed 
in TBST 3 times for 5-10 min. The filters were transferred into TBST which contained 
the appropriate second antibody-alkaline phosphatase conjugate. Anti-rabbit conjugate 
(Promega Corporation, Madison, WI) was used at 1:7500 and anti-mouse conjugate 
(Organon Teknika corporation, Durham, NC) was used at 1:5000 throughout. The 
filter was washed in TBST buffer and then developed in freshly prepared AP color 
development substrate solution (100 mM Tris-HCl, pH 9.5, 100 mM NaCl, and 5 mM 
MgCl2). When positive reactions developed and reach desired intensity, the filters were 
placed in stop solution (20 mM Tris-HCl, pH 8.0, and 5 mM EDTA) and dried. The 
plaques which corresponded to positive signals on the filter pad were removed as agar
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plugs with sterile Pasteur pipettes. They were placed in microcentrifuge tubes in 1 ml 
of SM buffer, vortex occasionally and stored at 4°C (Promega).
In vivo excision of recom binant pBIuescript phagemid. AZAPII was designed 
to allow "in vivo excision" and recircularization of any cloned insert within the lambda 
vector forming a phagemid which contains the cloned insert. The "in vivo" excision 
starts when the helper proteins (i.e. proteins from fl or M13 phage) inside E. coli nicks 
one of the DNA strands at the initiation site of fl origin of replication (ori). DNA 
synthesis of the new strand proceeds from the nick site downstream until it encounters 
a termination site. The single stranded DNA molecule is circularized by a gene II 
product from the fl phage forming a circular DNA molecule which contains everything 
between the initiator and terminator. The conversion step eliminates the time required 
to subclone.
Briefly, 200 fi 1 of phage stock previously immunoscreened with antibody was 
added into a 50 ml conical tube which contained 200 /d XLl-Blue cells (OD600=1.0) 
and 1 /d of R408 helper phage. The tube was incubated at 37 °C for 15 min. Then 2 
ml of 2xYT (10 gm NaCl, 10 gm yeast extract, and 16 gm Bacto-peptone) was added 
and the mixture was incubated at 37°C with shaking. The tube was heated at 70°C for 
20 min to kill the organisms. Cell debris was pelleted by centrifugation at 400 x g for 
5 min and the supernatant fluid which contained the pBIuescript phagemid, as a 
filamentous, phage was transferred to a sterile tube and stored at 4°C.
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The rescued phagemid was plated by combining 10 gl or 20 n 1 of the above 
phage stock with 200 g. 1 of XL 1-Blue host cells (OD600 =  1.0). The mixture was 
incubated at 37°C and 100 p\ was plated on LB-ampicillin (LB-Amp) agar plates. The 
plates were incubated overnight at 37°C and colonies appeared contained pBIuescript 
double stranded phagemid with the cloned DNA insert. Bacteria infected with helper 
phage alone will not grow since they do not contain the ampicillin resistance gene.
Transposon mutagenesis
The E. coli XLl-Blue strain containing the pBIuescript phagemid was used as 
a source of DNA. The strain that provided the mini-Mu bacteriophage was E. coli 
strain POI1681 (araD , araB::M u cts, lac, recA, rspL) (Belas et al., 1984; Castilho et 
al., 1984; Liaw and Srinivasan, 1989). The recipient which is capable of homologous 
recombination was E. coli strain MH3497 {lac gal rpsL Mu cts) (Belas et al., 1984; 
Belas, et a l., 1988; Liaw and Srinivasan, 1989)). Both the POI1681 and MH3497 
strains were obtained from Professor V.R. Srinivasan (personal communication).
Transform ation of recom binant pBIuescript phagemid into E. coli POI1681 
carrying mini-Mu transposon. The pBIuescript phagemid containing the insert was 
purified by the miniplasmid preparation method of Birnboin and Doly (1979). 
Conventional transformation was done. Briefly, E. coli POI1681 was grown in 5 ml 
of LB-kanamycin (LB-kan) at 28-30°C overnight. The overnight culture was inoculated 
into 25 ml of LB-kan at a ratio of 1:50 (v/v) and incubated at 28-30°C (until OD600 =
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0.5 was reached). Cells were sedimented at 5000 rpm in SS34 Beckman rotor for 5 
min at 4°C, and the cell pellet was resuspended in 20 ml of 100 mM MgCl2i 
centrifuged and resuspended in 10 ml of the 100 mM MgCl2 and centrifuged again. 
Finally, the cell pellet was resuspended in 1 ml of mM CaCl2 and incubated on ice 
overnight before use. Various quantities of purified plasmid, from minipreparation, 
were mixed with one hundred microliter volumes of the competent cells and incubated 
on ice for 30 min. The mixture was heat-shocked at 42°C for 90 min and 1 ml of LB 
broth was added to each tube. The cells were permitted to express antibiotic resistance 
by growing at 28-30°C for 1-2 h before they were plated on LB-Amp agar.
Following attempts at conventional transformation, no transformant was 
obtained. Therefore electroporation of plasmids into the recipient cells was attempted. 
The protocol used was based on that described in "Bacterial Electro-transformation and 
Pulse Controller Instruction Manual" (Bio-Rad Laboratories, Richmond, CA). An 
overnight culture of E. coli POI1681 was inoculated into 500 ml of LB broth at a ratio 
of 1:100 and grown at 28-30°C with vigorous shaking until the OD600 reached at 0.5. 
The cells were chilled on ice for 15 to 30 min and then sedimented at 4000 x g for 15 
min. The cell pellet was resuspended an equal volume of cold water and centrifuged 
as described above. The pellet was resuspended in half of the original volume of cold 
water, centrifuged and then resuspended in 10 ml cold 10% glycerol. The cells were 
centrifuged one more time and then resuspended in 1 ml of cold 10% glycerol which 
gave a cell concentration of approximately 1010 cells/ml. The competent cells were
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frozen in 100 y \  aliquots and stored at -70°C. The cells were usable for at least 6 
months.
DNA used for transformation was prepared by the minipreparation methods of 
Birnbom and Doly (1979) and further purified by GENECLEAN II kit (Bio 101 Inc., 
La Jolla, CA). DNA concentration was determined by absorbance at 260 nm. Prior 
to transformation, the cells were thawed at room temperature and placed on ice. In a 
cold 1.5-ml microtube, 40 y \  of the cell suspension was mixed with 1-2 y i  of DNA (in 
H20 ) and set on ice for 0.5 to 1.0 min. The mixture was transferred to a cold 0.2 cm 
electroporation cuvette and pulsed once at the following settings; 25 yF ,  2.5 kV, 200 
0. Immediately, there after 1 ml of LB medium was added to the cuvette, and the cells 
were resuspended and then transferred into clean tube. The cell suspension was 
incubated 28 to 30 °C for 1 h to allow expression of the antibiotic resistance gene and 
the 100 y \  was plated onto LB-Amp-Kan plates. The plates were incubated at room 
temperature until the colonies were observed. Several colonies were picked to prepare 
plasmid minipreparation and examined for the plasmid of interest.
P reparation of M u-phage-transducing lysate by heat induction. The method 
was modified from that described by Casadaban and Cohen (1979) and Professor 
R.C.Gayda (personal communication). The transformants which were lysogens of Mu 
cts were propagated at 28 to 30°C. The cultures, in preparation for thermoinduction, 
were grown in LB medium to early exponential phase (OD600 =  0.2-0.3) at 28-32°C, 
then shifted to 42°C for 20 min without shaking, and then incubated at 37°C until lysis.
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Chloroform (1%, vol/vol) was added, the lysate was stirred. After 5 min, the lysate 
was stirred one more time and sedimented to pellet cell debris at 10,000 rpm for 10 
min in Beckman SS34 rotor. To stabilize the Mu lysate, 1 M M gS04 was added to 
give a final concentration of 10 mM. Since Mu lysates can lose infectivity rapidly, 
they were used within a few days.
Transduction of M u phage-transducing lysate into Rec+ E. coli strain . The 
Mu phage-transducing lysates were used to transduce Rec+ E. coli MH3497 as 
described previously (Castilho et al., 1984; Casadaban and Cohen, 1979; Belas et al., 
1984; Engebrecht et al., 1983). The recipient cells were grown in LB medium to early 
stationary phase (~ 1 0 9 cells/ml) and M gS04 and CaCl2 were added to a final 
concentrations of 0.01 M and 0.005 M respectively. Cells were absorbed with Mu 
phages at an MOI <  1, for 20 min at 30°C without shaking. To allow expression of 
Ampr and Kanr genes, the cells were diluted 1:10 with LB medium and incubated at 28- 
30°C for 30 min. Ampr Kanr transductants were selected by plating them on LB-Amp- 
Kan agar plates and incubated at 28-30°C overnight. The location and orientation of 
the mini-Mu inserts in the mutated plasmids was determined by restriction mapping by 
utilization of the asymmetry of the EcoRI (Castilho et al., 1984) and Ncol sites 
(observed in this study) of the transposon.
Induction of expression of the fusion protein by IPTG. In E. coli XLl-Blue, 
the cloning sites are in the N-terminal region of lacZ gene. Thus, the DNA sequence 
cloned into the multiple cloning sites of the XZAPII vector may be expressed as a
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fusion protein under the control of lacZ promoter which can be induced by IPTG. The 
protocol used for IPTG induction was modified from that described by Stark (1987). 
Cells were grown overnight at 37°C (for XLl-Blue) or 28-30°C (for MH3497) in LB 
medium containing the appropriate antibiotics and 0.5% glucose (to ensure that the lac 
promoters remained fully repressed). Cells were then subcultured into fresh medium 
supplemented with antibiotics and glucose and then grown to OD600 of 0.5. Following 
centrifugation (5000 rpm for 3 min in Beckman SS34 rotor), the cells were resuspended 
to 0.5 OD600 in pre-warmed LB medium which contained antibiotics only. IPTG was 
added to a final concentration of 0.1 mM and the culture were shaken at 28 to 30°C 
for MH3497 strain or 37°C for XLl-Blue strain. Samples were taken from each 
culture at time 0 (before addition of IPTG), 1, 2, 3, 4, and 5 h for strains which 
carried recombinant plasmid and at time 0, and 4 to 5 h for the transductants, following 
addition of IPTG.
Screening of transductants by W estern blotting. A 12% SDS-PAGE slap gel 
was prepared by the method of Laemmli (1970). Protein concentration for each sample 
was determined by BCA protein assay (Pierce, Rockford,IL) and approximately 8 /xg 
protein of each sample was loaded onto the gel. Following the electrophoresis run, the 
gel was blotted onto nitrocellulose membrane (NC) overnight at 30 volts in the Trans- 
Blot system (Biorad Laboratories, Richmond, CA). Prior to removing the gel, the 
voltage was increased up 60 volts for 2 h. The NC was rinsed in TBST buffer and 
exposed to a 1:50 dilution of MH3497-absorbed MAb-flc.
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Preparation of M H3497-absorbed antibody. E. coli MH3497 cells were 
grown in 200 ml of LB medium at 37°C overnight. The cells were sedimented and 
resuspended in 1% sodium azide (NaN3) and incubated for 2-3 h. The cell suspension 
was aliquoted into three equal volumes which were centrifuged at 8000 rpm for 10 min 
in a Beckman SS34 rotor. A 1:50 dilution of tissue culture supernatant fluid which 
contained MAb-flc was used to resuspend one volume of the NaN3-killed cell pellet 
which was incubated 2-3 h before centrifugation. This absorption step was repeated 
two more times with the remaining aliquots. The absorbed antibody was stored at 4°C 
until needed.
Site mutagenesis a t Ncol site located in the EcoRI insert fragm ent. The
recombinant plasmid was purified as described above (Birnbom and Doly, 1979) and 
digested with Ncol. The Ncol hanging ends were filled in by Klenow fragment to 
create blunt ends and then religated. After ethanol precipitation, the plasmid was 
digested with Ncol before it was transformed into E. coli XLl-Blue strain. Finally, the 




Deoxyribonucleic acid (DNA) of V. parahaemolyticus ATCC 10136 was purified 
by methods described by Murmur (1961) and Ford (1990). The DNA was used to 
construct a V. parahaemolyticus genomic library in Lambda (X) ZAPII vector (Figure 
10.). This vector can accept up to 10 kb of foreign DNA at six unique cloning sites 
which include SacI, Notl, Xbal, Spel, EcoRI, and Xhol, present in the multiple cloning 
sites. The enzymes were used to digest the genomic DNA obtain the appropriate sizes 
for cloning. EcoRI was chosen to construct the library. XZAPII arms were cos 
ligated, digested with EcoRI, and dephosphorelated to prevent self ligation of the vector 
(Maniatis et al., 1982). Ligations were packaged into X head and plated on E. coli 
XLl-Blue. This recA- host strain, supplied with the XZAPII vector kit (Stratagene, La 
Jolla, CA), contains the aM 15 mutation of the lacZ gene required for a- 
complementation of the amino terminus of the lacZ gene within the XZAPII vector. 
The expression of both partial lacZ genes is required to generate a functional @- 
galactosidase protein from the XZAPII vector. Insertion of the cloned DNA into the 
polylinker region within the lacZ gene will destroy expression of the lacZ resulting in 
white plaques. However, background plaques which carry a functional lacZ appear 
blue in the presence of the inducer, IPTG, and a chromogenic substrate for j8- 
galactosidase, X-gal. In this experiment, the efficiency of cloning was a ratio of
CLONING VECTORS
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Figure 10. A physical map of XZAPII vector containing six multiple cloning sites which 
include; SacI, Notl, Xbal, Spel, EcoRI, and Xhol. A 6.5 EcoRI DNA from 
V. parahaemolyticus was inserted into this vector at the EcoRI site. After 
immunoscreening with MAb-flc, the fragment cloned into XZAPII vector 
was excised and recircularized to generate pBIuescript (pBS) SK- phagemid 
containing recombinant DNA (Stratagene Cloning Systems, La Jolla, CA).
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blue:white colonies of 3:10 which yielded 6.4 x IQ6 plaque forming units (pfu)/ptg of 
X arms.
Recombinant X phages which contained cloned DNA were screened with rabbit 
polyclonal antiserum raised against V. parahaemolyticus flagella. It had been decided 
to first use polyclonal antiserum to identify recombinant clones because the broad 
spectrum of reactivity may increase the chance to recognize clones carrying the gene 
of interest. Various dilutions of antiserum were tested with purified flagella by dot 
blotting to determine the appropriate dilution producing an intense reaction with the 
flagella, and no background. The dilutions of 1:3200 to 1:6400 were selected and used. 
Eight positive plaques were detected from among 60,000 plaques. Each positive plaque 
was immunoscreened a second time with the polyclonal antiserum. Next each plaque 
was screened with anti-core monoclonal antibody (MAb-flc) by using MAb-flc tissue 
culture supernatant fluid at a dilution of 1:50 to 1:100. All positive plaques tested with 
the polyclonal antibody also reacted with MAb-flc.
Next, pBIuescript (pBS) phagemid which contained the cloned insert was rescued 
from the recombinant X vector and plated on LB-Amp plates. The recombinant 
phagemid was purified and digested with EcoRI. The size of the insert, shown in 
Figure 11, was determined to be approximately 6.5 kb.
Transposon mutagenesis. Further investigations were carried out using 
transposon mutagenesis with mini-Mu dl (lacZ, Kmr) to define the flagellar protein 
coding region. E. coli strain POI1681 was used to provide the mini-Mu transposon.
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Figure 11. EcoRI digestion pattern of the recombinant plasmid generated a 6.5-kb V.
parahaemolyticus DNA insert and 2.9-kb pBS vector (lane 3) compared to 
undigested DNA (lane 2) and Lambda EcoRI-Hindlll standard markers 
(lane 1).
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First, the recombinant pBS was purified and several attempts were made to transform 
the plasmid into E. coli POI1681 by the conventional protocol, but no transformants 
were obtained. Plasmid pUC 18, was used in concert as a control and the efficiency 
of transformation was low; 1.3 x 103 cfu/^ig DNA. As a consequence, electroporation 
was used to introduce the recombinant plasmid into the POI1681 strain. Competent 
cells were used at 108 and 10]0 cells/ml, however, initial findings showed none or very 
few transformants when 108 competent cells were used. By contrast, when 1010 cells/ml 
were used, higher yield of transformants were obtained. For example, approximately 
107 to 108 cfu/jug DNA were obtained from pUC 18, while the recombinant pBS yielded 
104 to 105 cfu/^g DNA. EcoRI digestion was done on the purified plasmids from 
transformants to verify that the recombinant plasmid had been introduced into the E. 
coli strain.
The resulting transformants Ampr (plasmid-encoding) and Kanr (mini-Mu- 
encoding) were temperature-induced to produce a Mu phage-transducing lysate which 
contained recombinant plasmid pBS::mini-Mu molecules. It was noticed that lytic 
growth of mini-Mu in E. coli POI1681 was not as efficient as reported earlier when the 
temperature was shifted (Casadaban and Cohen, 1979). In this experiment, the lysis 
of temperature-induced cell culture was not observed until 2 to 3 h after the induction 
when examined by absorbance at 600 nm. The lysate was used to infect a Rec+ Mu 
cts strain (MH3497). This method, called "muduction", requires a Rec+ recipient to 
circularize the transduced linear plasmid::mini-Mu molecules (Castilho et al., 1984).
Before the transductants were immunoscreened with MAb-flc, XLl-Blue 
carrying the recombinant plasmid was induced by IPTG for expression of flagellar core 
protein and to determine the orientation of the flagellar gene. The result are presented 
in Figure 12. (Coomassie blue stain) and Figure 13. (Western blot). At time 0, there 
was no detectable band which corresponded to the purified flagellar core protein. 
Following addition of the IPTG, bands were observed at approximately 40 kD which 
reacted with the MAb-flc (Figure 13). These bands were detected at 1, 2, 3, 4 h and 
overnight culture following IPTG induction. This findings suggested that the 
orientation of the plasmid-encoding gene was in the same direction as the lacZ gene, 
and since it was inducible with IPTG, it requires the lac promoter in pBS vector for the 
expression . The recombinant plasmid, without mini-Mu, was also transformed into 
the MH3497 strain and induced with IPTG. The findings are shown in Figure 14. In 
contrast to the findings for the XLl-Blue strain, the bands of plasmid-encoding protein 
observed in MH3497 strain, were detectable before IPTG induction. This can be 
explained that the lac promoter in E. coli XLl-Blue was effectively repressed by lacP 
and requires inducer to be able to initiate the transcription. However, the MH3497 
strain, produced a normal level of repressors which were not sufficient to fully repress 
the lacZ gene. Therefore, without the inducer, the lacZ gene can still be transcribed 
as well as the flagellar gene(s).
100
1 2 3 4 5 6 7 8 9
* *  . . M ^ mt m m m M
Figure 12. A pattern o f IPTG induction of E. coli strain XLl-Blue containing 
recombinant pBS; before addition of IPTG (lane 3), after IPTG induction 
at 1 h intervals (lane 4-7) and overnight incubation (lane 8). Rainbow 
markers (lane 1 and 9), purified flagellar core protein (lane 2).
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Figure 13. Western blot analysis o f IPTG induced o f  E. coli strain XLl-Blue, 
containing recombinant pBS , with MAb-flc; before induction (lane 4), 
after IPTG induction (lane 3 to 8) at 1 h intervals. Rainbow markers 
(lane 1), purified flagellar core protein (lane 2), and V. parahaemolyticus 
cell lysate (lane 3).
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Figure 14. Western blot analysis with MAb-flc o f E. coli MH3497 transformant, 
containing recombinant pBS ; before induction (lane 3), after IPTG 
induction (lane 4 to 6) at 2 h intervals. Rainbow markers (lane 1), 
and purified flagellar core protein (lane 2).
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A total of 30 colonies were screened with MAb-flc by Western blot. Each were 
negative when exposed to MAb-flc (Figure 15). Restriction analysis yielded 6 unique 
locations of the mini-Mu insertion (Figure 16). Three sites, designated A, B, and C, 
were located in the region of lac promoter and interrupted transcription into the 
flagellar gene. Since mini-Mu is a large DNA segment (15.8 kb), its insertion in front 
of the flagellar can also interrupt expression of the flagellar gene located downstream. 
This was true for the insertion D located downstream from the lac promoter. 
Unfortunately, no positive clones (expressing flagellar protein) with MAb-flc were 
detected. The insertions sites, E and F, were also negative when screened with 
antibody. The E and F insertions were positioned in the insert fragment approximately 
4.2 and 5.2 kb from the lac promoter. Two possibilities exists; 1) they inserted into 
the gene and interrupted the flagellar gene expression, or 2) they inserted in front of 
the flagellar gene which blocked the transcription from the lac promoter.
To identify the flagellar gene coding region, the first possibility was proved by 
generating site mutation at the Ncol site. This was accomplished by digestion of the 
recombinant plasmid with Ncol and filling the protuding ends with Klenow fragment 
to generate frameshift. The mutated plasmid was religated and transformed into XLl- 
Blue strain. Following induction with IPTG, a Western blot was done to compare with 
a positive control, the original recombinant pBS in E. coli XLl-Blue strain. The results 
showed that the Ncol site mutation resulted in no expression of the flagellar gene 
(Figure 17). According to the molecular weight (approximately 40 kD) for the flagellar
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Figure IS. Western blot analysis with MAb-flc o f  E. coli MH3497 transductants 
containing recombinant pBS as well as mini-Mu transposon ; purified 
flagellar core protein (lane 1), E. coli MH3497 containing recombinant 
pBS without mini-Mu as a  positive control (lane 2) , E. coli MH3497 
transductants ( lane 3 to 8 for representatives A to F  , respectively ), 




84 bp +1 158 bp
E = Eco Rl N = Nco I
Figure 16. A pattern of mini-Mu insertions in the recombinant pBS; A, B, and C, are 
located in lac promoter region, and D is positioned in the 6.5-kb EcoRI 
fragment just downstream from the lac promoter. E and F are located in the 
6.5-kb EcoRI fragment approximately 4.2 and 5.2 from the lac promoter, 
respectively. Arrows indicate orientations of the mini-Mu insertions. 
Restriction sites are as follows: E =  EcoRI; N =  Ncol
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Figure 17. Western blot analysis o f E. coli XLl-Blue strain with MAb-flc. This 
bacterial strain carries recombinant pBS which has been mutagenized at 
N col site to generate frameshift; rainbow markers (lane 1 and 8), purified 
flagellar core protein (lane 7), V. parahaemolyticus lysate (lane 6), E. coli 
XLl-Blue strain containing the recombinant pBS before (lane 5) and after 
(lane 4) IPTG induction, E. coli XLl-Blue strain with Ncol site mutation 
in the recombinant pBS, before (lane3) and after (lane 2) IPTG induction.
107
core protein, the flagellar gene is approximately 1.1 kb and the distance between E and 
F insertions was 1 kb. Therefore the coding region of the polar flagellar core protein 
should reside in EcoRI fragment of V. parahaemolyticus DNA and was located 
approximately 1.1 kb fragment encompassing E and F insertion sites.
Discussion
A V. parahaemolyticus genomic DNA library was constructed by using EcoRI 
in order to isolate the gene which corresponds to the species-specific polar flagellar core 
protein of this organism. To identify the flagellar gene coding region, transposon 
mutagenesis was carried out. Mini-Mu (15.8 kb) mutagenesis was chosen because, in 
addition to producing mutants with a null phenotype, this method of mutagenesis results 
in the insertion of a large segment of DNA encoding a selectable drug resistance marker 
into the target gene. Since the drug resistance marker is physically linked to the 
mutated gene, this target gene region can be cloned by selecting the recombinant 
bacteria which express the drug reistance (Belas et al., 1982). Furthermore, the 
insertion of several kilobases o f transposon DNA allows precise physical mapping of 
the location of the mutation (Belas et al., 1984).
The result showed that the flagellar gene is encoded in the 6.5-kb EcoRI of 
cloned DNA as the protein product reacted with MAb-flc. Restriction anlysis with 
EcoRI and Ncol indicated one Ncol site approximately 4.2 kb from 3’end of the lac
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promoter. Ncol site mutagenesis disrupted the functional flagellar gene in the insert. 
According to the mini-Mu insertion map, it was suggested that the flagellar gene 
encompasses the mini-Mu insertions at E and F locations. However, it is unlikely that 
the cloned DNA contains its own promoter of the flagella gene since the expression of 
this plasmid-encoding gene utilizes the lac promoter as it was inducible by IPTG in lac 
E. coli strain. Without induction, no flagellar protein was observed as shown at time 
0 in Figure 12 and 4. Any insertion of mini-Mu dl phage in the predicted region would 
block the transcription as well as the translation of this gene. Insertion between this 
region and the lac promoter of pBS would also interfere with the transcription from 
pBS and abolish the expression of the flagellar gene.
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CONCLUSIONS
Polar flagellar core protein of V. parahaemolyticus was purified by differential 
centrifugation in TET buffer containing Triton X-100. This detergent removes flagellar 
sheath and assists in separation of contaminating vesicles from the purified flagella. 
The flagellar protein was further purified from crude extracts by CsCl gradient 
centrifugation during which two bands were produced. The upper band contained 
purified flagellar core protein freed from unidentified vesicles predominant in the lower 
band.
Twelve hybridomas secreting monoclonal antibody (MAb) against flagellar core 
protein (MAb-flc) were obtained from fusion experiments. In one instance, MAbs 
identified with specificity for flagellar sheath (MAb-fls) was obtained from one fusion. 
MAb-flc (clone 4G7) and MAb-fls (clone 3C12) were produced for all subsequent 
experiments. The MAb-flc and MAb-fls were isotyped as IgGl and IgG2a,
respectively. Both MAbs reacted specifically with their corresponding antigens by 
immunoelectron microscopy. However, prior to testing the MAb-flc by 
immunoelectron microscopy the sheath had to be removed. Three treatment protocols 
were used to remove sheath from cell suspensions; 0.01 N HC1 pH 2.0, 6 M urea, or 
incubation of the cell suspension in saline solution at 4°C. The saline-treatment 
successfully removed the sheath over a 9-day incubation period and this preparation was
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used in immunoelectron microscopic examination which showed that the core reacted 
very specifically with MAb-flc but not MAb-fls.
Coagglutination reagents were prepared by arming Staphylococcus aureus cells 
with affinity-purified MAb-flc and MAb-fls. Each reagent was tested against 34 strains 
of V. parahaemolyticus and 34heterologous Vibrio species. The MAb-flc and MAb-fls 
reagents agglutinated each strain of V. parahaemolyticus tested. The MAb-flc 
coagglutination reagent also agglutinated V. alginolyticus cells while MAb-fls armed 
reagent reacted with 8 heterologous species including V. alginolyticus, V. campbellii, 
V. carchariae, V. cincinnatiensis, V. harveyi, V. natriegens, V. vulnificus I, and V. 
vulnificus II. These results suggest the polar flagellar core protein expresses antigen 
determinants unique to V. parahaemolyticus and V. alginolyticus, formerly recognized 
as a sucrose-positive V. parahaemolyticus.
The adherence capacity of V. parahaemolyticus was examined in the rabbit 
intestine model. By using MAb-flc and MAb-fls, we were able to establish another 
assumption involving the organelles responsible for the attachment of this organism. 
First, the condition of the experiment was considered and improved to obtain the 
highest number of the adherent bacteria by comparing the following aspects; strains and 
source of the organism, growth medium, incubation time with the tissue, and types of 
tissue. As a result, strain ATCC10136 was used and selected from the embedded 
tissue. Cells were grown in HIB medium for 16 to 18 h at 37°C. After centrifugation, 
the cell pellet was resuspended in 1/10 vol of KRT buffer providing 1010 cells/ml.
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Fixed tissue of mucosa was used to incubate with the cell suspension for 10 min at 
28°C.
Before the inhibition test was done with intestinal tissue, the quantity of the 
antibody required was determined by the coagglutination inhibition test. Three 
concentrations of Fab fraction from each MAb which included 0.008, 0.031, 0.125 
mg/ml for MAb-flc, and 0.25, 1.0, 2.0 mg/ml for MAb-fls were incubated with the V. 
parahaemolyticus cell suspension for 30 min at room temperature. Then the Fab- 
reacted cell suspension was exposed to the tissue for 10 minutes. The intestinal tissue 
was examined under scanning electron microscopy. The number of adherent cells were 
counted in ten randomly selected areas and the numbers were averaged. The findings 
revealed that (statistics) significant inhibition of adherence occurred when the cells were 
pre-treated with Fab prepared from MAb-fls. It is possible that the flagellar sheath may 
play a role in attachment and may be an adhesin. A second possibity is that the flagella 
plays an important role in movement of the bacteria to the gut tissue, binding of the 
antibody to the flagella should contribute some effect to slow down the movement of 
the bacteria.
The third goal persued was to isolate the gene encoding the flagellar core protein 
of V. parahaemolyticus. Genomic DNA libraries of V. parahaemolyticus were 
constructed in Lambda ZAPII vector at the EcoRI site in the multiple cloning region. 
Recombinant plaques which contained cloned DNA were screened with rabbit 
polyclonal antiserum raised against V. parahaemolyticus flagella and then with MAb
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specific for the polar flagellar core protein. The pBluescript resided in the recombinant 
plaques were rescued and analyzed. Agarose gel electrophoresis revealed a DNA insert 
band of 6.5 kb. XLl-Blue which contained the 6.5-kb fragment was induced by IPTG 
and the expressed protein reacted with MAb-flc as shown by Western blot. The IPTG 
induction suggested requirement for the lac promoter in the vector for expression of 
flagellar gene in the XLl-Blue strain.
Additional efforts were made to map the location of the flagellar coding region 
by transposon mutagenesis. First, the recombinant plasmid was purified and 
transformed into E. coli POI1681 which carried the mini-Mu transposon. The resulting 
transformants were temperature-induced to yield the Mu phage-transducing lysate which 
contained the recombinant plasmid pBS:: mini-Mu molecule. The lysate was used to 
tranduce Rec+ E. coli strain, MH3497, where the plasmid::mini-Mu was generated. 
Thirty transductants were immunoscreened by MAb-flc and showed that each was 
negative for flagellar protein.
Mini-Mu insertions were mapped by restriction analysis using EcoRI and Ncol 
enzymes which revealed six unique insertion sites. Three were located in the lac 
promoter region and a fourth was downstream from the lac promoter. The fifth and 
sixth insertions were positioned in the insert and flanked the Ncol site. Further 
assessment was done by Ncol site mutagenesis and Western blotting which showed that 
flagellar gene expression was interrupted. As a consequence, it is predicted that the
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flagellar core protein coding region is located within 1.1 kb segm ent encom passing the 
tw o m ini-M u insertions that flank the N col site.
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